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In the following pages I have limited myself 
strictly to the consideration of that which is 
involved in the term "Lenses and Systems of 
Lenses"; and I have treated the matter in accor- 
dance with the methods of Gauss. But I hope 
that in course of time I may be able to extend 
the book so as to cover a wider area in the field 
of Geometrical Optics. 

C. P. 



St, Paul's School, 
London. 

February, 1884. 
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CHAPTER I. 

REFRACTION AT A SINGLE SURFACE. 

1. If a ray of light, or a pencil of rays traverse a 
system of coaxial lenses, — the lenses being of any thickness, 
of any focal lengths, and of any refractive indices whatever — 
the relation between the positions of the focus of the incident 
and the focus of the emergent pencil, and a formula for the 
magnification produced by the system of lenses, could formerly 
be determined only by an exceedingly cumbrous calculation. 
It was necessary, moreover, to repeat the process for each 
different system. 

For the sake of simplicity it was often assumed that the 
lenses were indefinitely thin. The laboriousness of the calcu- 
lations was thereby considerably reduced; but it is clearly 
a supposition which it is quite improper to make, except 
under very special circumstances. 

In a paper communicated by Gauss to the Koyal Society 
of Gdttingen on the 10th of December, 1840,* it was shown 
how the solution of the problem could be made to depend 
upon the determination, for each system and once for all, 
of four fixed points situated upon the axis of the system. 
These points having been determined, the complete solution 
of the problem became a matter of simple algebra or 
Geometry. 

* C. F. Gauss Werke. Band. V. Gdttingen, 1840. 

B 



2 LENSES AND SYSTEMS OF LENSES. 

It is true that the calculation of the position of the four 
points is somewhat laborious, but the formulas obtained are 
symmetrical, although long, and the formulae for a system of 
92+1 lenses can be deduced very easily from that for a 
system of n lenses. 

If therefore a table of formulae be calculated for 2, 3, 4 ... 
lenses, which can easily be done, the application to any par- 
ticular system Is a question of Arithmetic and Algebra only. 

Gauss 9 method is applicable to any system of coaxial 
lenses, whatever be the thicknesses of the lenses, whatever 
be the refractive indices of the media which occupy the 
spaces between them, and whether the medium in front of 
the first lens is the same as that behind the last, or not. 
The problem however becomes much simpler when these 
first and last media are the same. 

One restriction, however, must be made. It is supposed 
that the angle which any ray makes with the axis, and also 
the distance from the axis of the point at which it cuts any 
refracting surface, are so small that their squares may be 
neglected. This is equivalent to neglecting aberration. 

2. Let us consider a number of spherical surfaces, all of 
which have their centres of curvature upon a certain straight 
line. This straight line we may call the axis of the system. 

If a system of this kind be intersected by a plane which 
contains the axis, the section will be such as is represented 
in fig. 1. 

FIG. I. 





In this figure the straight line A t A 9 ...A ni upon which all 
the centres of curvature are situated, is the axis of the 
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system ; and the points A t1 A t1 ...A n in which the axis meets 
the successive surfaces may be called the vertices of the 
surfaces. 

The surfaces may be of any number, of any degree of 
curvature, and at any distance apart; moreover, they may 
have their convex surfaces turned either way. 

We will now suppose the spaces between each two con- 
secutive surfaces to be occupied by homogeneous, not doubly 
refracting, media, of known refractive indices. The media 
may be all] different, or two or more may be alike. But 
two similar media should not be adjacent to one another, 
for the effect would be the same as if the dividing surface 
were not there. 

3. If we consider a particular case, and suppose the 
number of surfaces to be four, and the successive media to 
be air, glass, air, glass, and air, we so have the telescope 
in its simplest form, with one eyepiece and one object glass. 

4. If now a ray of light proceed from a luminous point 
£, and cross the successive surfaces at the points P l? P,, 
P 3 , ... P u , its course will be bent at each of these points, but 
in consequence of our hypothesis concerning the nature of 
the media, its course between any two of the points will be a 
straight line. The path of the ray may therefore be repre- 
sented by the broken line LP x P t P n ... PJJ (fig. 2). 







FIG. 2. 
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The end we aim at is the determination of a relation 
between the lines LP, and PJ7. so that when we know the 

1 n / 

initial path of a ray entering the system, we may at once 
be able to ascertain its final path on leaving it. 

B2 
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4 LENSES AND SYSTEMS OF LENSES. 

5. The general system includes also the case in which 
one or more of the surfaces are reflective. In order to make 
our results applicable to it, we have simply to consider the 
particular surface which is reflective, as if it were the 
boundary between two media whose refractive indices are 
fi r and — fi r respectively; ji r being the refractive index of the 
medium immediately preceding the surface which reflects. 

6. With regard to the rays themselves, we shall consider 
those only which are inclined at very small angles to the 
axis of the system, and which cross the surfaces at points 
very near the vertices. 

If P be the point of incidence of a ray, A the vertex, and 
C the centre of curvature of the surface, it will follow that 
if the arc PA be small, so also will be the angle PC A (fig. 3). 

FIG. 3. 




We shall suppose that the angle PCA is so small that all 
powers of its circular measure, higher than the second, may 
be neglected. Consequently, to this degree of approximation, 
we may consider the sine, tangent and circular measure of 
the angle PCA to be equal to one another. 

7. In the first place, we will investigate formulas connect- 
ing the position of the incident ray, with that of the ray after 
refraction, at one surface only. 

8. To find the angle between the incident ray and the 
refracted ray^ after crossing one surface. 

Let C be the centre of curvature of any refracting surface, 
and A the vertex. Suppose XPX' to be the course of a ray 
which crosses the surface at the point P; and let the incident 
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ray and the refracted ray, produced if necessary, meet the 
axis at the points X, X' respectively (fig. 4). 

FIG 4. 




In this, and in all subsequent investigations, we will con- 
sider distances measured from left to right to be positive^ 
and all distances measured from right to left to be negative. 
The above figure is so drawn that A C and AX\ measured 
from A are positive, and AX negative. 

At the point P, the ray is bent through the angle XPR 7 
the point R being in X'P produced. We will call this angle 
the Deviation at P, and will denote it by 8. 

Let the normal OP be produced to C, and let 

LC'PX=<f>y 
and zCPX'^fj' 

then 8 = L XPR 

= lC'PX-lCPX> 

But if fi and /*, be the refractive indices of the two 
media, we have 

^ sin^ = /x 1 sin^ , 5 

therefore by hypothesis 

therefore f=— > 

Mi 
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therefore 8 = <f> — 

9. We may put the expression for the deviation in 
another form. 

Let the arc AP= h } and denote the distances from A of 
X } X\ and (7, by - u } v, and r respectively ; we then get 

8 = ^'"^ 

A*, 

A*t 

A*, \r u) 

A*, \r t»/ ' 
if we neglect h*. 

10. If rays of light proceed from a luminous point X on 
the axis, they will, after crossing a refracting surface, meet 
again in one and the same point X', which also lies upon the 
axis. To find the relation between the positions of X and X\ 

With the same notation as before, we have (fig. 4) 

fi sin C'PX= fi t sin CPX ' ; 
therefore fi sin (PXA + PGA) = fi, sin {PCA - PX'A) ; 

therefore *g- *) -* g- J) -fiff; 

therefore ^ l - ^° = ^^2 (1), 

if we neglect A*. 

In this formula /* , /*, and r are quantities which depend 
only upon the nature of the media, and upon the curvature of 
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the separating surface; they are the same whatever be the 
ray which we may consider. Hence we see, that since the 
formula gives only one value of v corresponding to a par- 
ticular value of it, it follows that all the rays, which proceed 
from any point X on the axis, will after refraction meet 
again in a point X\ also on the axis; the relative positions 
of these two points being given by equation (1). 

Conversely, for a particular value of v we get from (1) 
only one value for u. Hence the rays, which after crossing 
a refracting surface meet together in a point X ' on the axis, 
must before incidence have proceeded from one and the same 
point X, also lying upon the axis. 

Again, if we consider X' instead of X as the luminous 
point, or the origin of the rays, and that the rays travel from 
right to left, it is clear that after refraction at the surface 
they will all meet together in the point X. 

Consequently the point X bears the same relation to X\ 
when X' is the origin of rays, that X' bears to X } when 
the origin of rays is at X. 

Two points such as X and X\ which are related to one 
another in this way, are called Conjugate Points. 

11. There are now two particular cases to be considered : 

(1) If the point X is at an infinite distance from A, we 
have u = go , and the incident rays are all parallel to the axis. 

The equation connecting u and v being 

v u r " * ' 

if we put u = co , we get 

»=-^- ...(»). 

(2) If the point X' be at an infinite distance from -4, we 
have v => oo ; and the rays after refraction are parallel to the 
axis. 

The corresponding value of u is given by the equation 

u &- (3). 
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The two points determined by (2) and (3) are called the 
Focal Points or Foci of the given surface with respect to the 
given media, and are such that all rajs whose paths in the 
first medium are parallel to the axis, will after refraction 
pass through the point given by (2) ; and all rajs whose 
paths after refraction are parallel to the axis, must in the 
first medium have travelled in directions which, produced it* 
necessary, would have passed through the point given by (3). 

The Foci are commonly denoted by the letters F' and F. 
Their distances from the vertex A are called the Focal 
Distances of the surface, and are denoted by the symbols 
/' and/. 

Hence / = -^f-, 

and therefore fi f + /&,/= 0. 

If we introduce these symbols into equation (1), it becomes 

f - +"£-1 (4). 



12. The equation -i +•£- = ! 



u v 



connects the distances of two conjugate points from the vertex 
of the refracting surface. It is sometimes convenient to have 
a relation between their distances from the centre of curvature 
of the surface, and sometimes between their distances from the 
foci. These relations we will now determine* 

13. To find a relation between the distances of two con* 
jugate points from the centre of curvature of the refracting 
surface* 

Let be the centre of curvature and A the vertex of the 
surface, X the origin of light, XP the path of a ray which 
meets the surface at P, and after refraction passes in the 
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direction X'P. The refracted ray produced backwards meets 
the axis at the point X*. CPR is the normal at P (fig. 5). 



FIG. 5. / R 




X' 



L XPR=<f>\ 
l X'PR = f j ' 



Let CX =p 

CX' = q 
CA =r and 
arc AP ss h . 
Then we have fi sin XPR = fi, sin X'PR ; 
therefore 

fi sin (PC A + PXA) = i* x sin (PG4 + PX'A) ; 

therefore AM - + ) = AM - + ) + ^ , . 

°\r p-rj ^ l \r q — rj 

Hence, to the required degree of approximation, we have 

r(p — r) r(q — r)' 
therefore pp % ( q — r) = j/^ (p - r) ; 

therefore &-% = £*ZL& (5), 

q p r x " 

or •£+£ = ! (6). 

p q 

The figure to which this article applies has been so drawn, 
that the distances from C of the various points might 
be all positive. Other cases may easily be deduced from 
this one. 
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14. To find a relation hetween the distances of two con- 
jugate points from the foci. 



Let 
and 

Then we have 



therefore 



XF =d\ 

x'F'=dy 

d = w -/, 

dd' = (u-f)(v-f) 
= uv- uf - vf+jf 

-ST (7) 

This relation, dd =ff\ is called Newton's formula. 

15. To our degree of approximation, the tangent plane at the 
vertex may be considered as coincident with the surface itself. 

Let the incident and refracted rajs meet the tangent 
plane at the points Q, Q respectively ; and let 

lPXA = et) 
L PX'A . a' [ (6g. 6). 
lPCA ~6> 

X 



FIG.6. 




Then we have 



therefore 



AQ 
AQ 
AQ 
AQ 



AX tan a, 
^X'tana', 
AXia.ua. 
ZTtana' 
AXivba. 



AX' sin a 
PX' AX 
AX' ' PX 



7 approximately 



-1. 



since PX', PX differ from AX', AX only by quantities of the 
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second order ; therefore 

AQ=AQ; 

therefore the points Q } Q' and P coincide to our degree of 
approximation. 

Hence the course of the ray may be represented by the 
broken line XQX' instead of by XPX'. 

16. If, through the foci F and F\ straight lines be drawn 
perpendicular to the axis, to meet the incident ray and the 
refracted ray in the points D and D' respectively } then 

FD + F'D' = AY, 

Y being the point where the ray crosses the tangent plane at the 
vertex.* 

Let FD =*n 

irz>w } (fig. 7). 

AY=h) 
FIG, 7. 




Then we have from (4) 

f f 
^-+^ = 1, 



u v 



or 



w — / v - /' 
— - + — — = i; 

U V 



V 

z z 



therefore, by similar triangles, t + t- = 1> 

z 4 z' = h. 



or 



* Die Eaupt- und Brenn- Puncte tines Linsen-systems, von Carl Neumann. 
Leipzig. 1866. 
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17. If the ray XYX' goes through the vertex A % we 
have h = 0; therefore 



or z ae — «'. 



18. From the formula z + z' = h we get a simple geome- 
trical construction, whereby the path of the refracted ray 
may be determined when that of the incident ray is given ; 
or, conversely. 

If the incident ray be given, so are the distances FD and 
A Y. Hence we can find A Y — FD, which is equal to F'D'. 

If, therefore, through the focus F' we draw the line F'D' 
perpendicular to the axis and equal in length to A F— FD, 
we shall so determine the point D\ which is a point on 
the refracted ray. The straight line YD 1 is then the path 
of the ray after refraction. 

19. Definition. If any number of rays proceed from 
the same luminous point, and be refracted in crossing a 
spherical surface which divides the first medium from another 
of different refractive index, the rays will after refraction 
meet again in one and the same point. Two such points, 
namely the point whence the rays proceed, and the point 
at which they meet again after refraction, are said to be 
conjugate to one another with respect to the media and 
the surface considered. They are called briefly conjugate 
points. 

20. This definition involves a general theorem, of which 
we have not yet proved more than a particular case ; that 
case, namely, in which the luminous point lies upon the 
axis. 

We will next prove the theorem to hold for a luminous 
point which does not lie in the axis, but only for rays from it 
which lie in a plane passing through the axis. 

Finally, we will consider the general case, and prove the 
theorem to be true for any position of the luminous point, 
and for rays from it in any directions whatever. 
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21. Wherever the luminous point may be } all rays pro- 
ceeding from it in the plane which contains the luminous point 
and the axis, will after refraction meet together again in one 
and the same point 

We will suppose the plane of the paper to contain the 
luminous point and the axis. 

Let Q y chosen arbitrarily, be the position of a luminous 
point, and let QP X Q', QP % Q be the paths of any two rays 
which proceed from it in the plane of the paper, and which 
meet the tangent plane at the vertex at P, and P 9 respec- 
tively; Q being the point where they meet together after 
refraction. 

Also let QP Z Q' be a third ray which crosses the tangent 
plane at P 8 and meets the ray QP X Q at the point Q". 

We will show that the point3 Q' and Q' coincide. 

From <?, Q and Q" draw QN, Q'N' and Q"N" perpendi- 
cular to the axis, and meeting it at the points N } N' } N" 
respectively (fig. 8). 



FIG.8. 




Through F and F' draw straight lines perpendicular to 
the axis, and meeting the rays at the points D l} D 8 , D t and 
D/, 2? 8 ', 2? 8 ' respectively. 

We have then" 

and FD t + F'U % = AP % - } 



■/.-jE. 
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therefore, by subtraction, 

therefore -^y + -^p* - 1 ; 

therefore, by similar triangles, 



<2P, + G'P, ~ > 



therefore ^2 + ^rg- = 1 ; 

,, - ■ NA-NF N'A-N'F' , 
therefore - ^ + — jfl = * » 

therefore _ + _ = i ; 

therefore -^ + _^_asi. 

In an exactly similar way, by considering the two rays 
QP X Q" and QP a Q" } we shall get 

f f 



NA ' N"A 
Comparing these two results, we see at once that 

IT A - N"A. 

Hence the points N' and N" } and consequently the points 
Q and Q'\ coincide. 

Wherefore all rays which proceed from any luminous 
point Q, will after refraction meet again in one and the same 
point Q * 

22. From the result of the preceding article we obtain a 
simple geometrical construction, whereby we may determine 
the position of a point conjugate to a given one. 

Let Q be the given point. Then we know that the point 
conjugate to Q is the point of concurrence of all the rays 

— - i ■ - - 

* Die Haupt- und Brenn- Puncte eines Linsen Systems, von Carl Neumann. 
Leipzig. 1866. 
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which proceed from Q. Hence it will be enough to deter- 
mine the point of concurrence of any two. 

It happens that there are two rays, whose paths we know 
from beginning to end ; namely, the ray which proceeds from 
Q in a direction parallel to the axis, and the ray which 
passes through F. 

The former of these passes through F' after refraction, 
and the latter after refraction travels in a direction parallel 
to the axis. 

Hence we have the following geometrical construction 
for the determination of the point conjugate to Q (fig. 9). 




From Q draw QP parallel to the axis and meeting the 
tangent plane at the vertex at P. Join PF\ and produce it. 
Again, join QF and produce it to meet the tangent plane at 
P'. Through P' draw P' Q parallel to the axis, and let it 
meet PF' produced at Q\ 

Then, since the rays QP and QF meet after refraction at 
the point Q, it follows that Q is the point conjugate to Q. 

23. In Arts. 10 and 21 have been proved two particular 
cases of our fundamental theorem. We will now consider 
the general case, in which the position of the luminous point, 
and the directions of the rays, are both unrestricted. For 
this purpose it will be necessary to use the algebraic equa- 
tions to the straight line in Three Dimensions.* 

24. We will take the axis of the surface for the axis of 
x, and any plane perpendicular to it for the plane of yz. 

* Verdet (Euvresj tome iv. part ii. Conferences de Physique. 
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The equations of the incident raj may then be written in 

the form 

y = mx + b) 

z = nx + c) ' 
or, more conveniently, in the equally general form 

y „j(*_a)+ft a 

z = -A (# - a) + c fl 
where fi is the index of refraction of the first medium ; 

972 92 

— - , -2- the tangents of the angles of inclination to the axis 

of x of the projections of the incident ray on the 
planes of xy and xz respectively ; 
a the abscissa of the vertex of the refracting surface ; 
a, i , c g the coordinates of the point at which the ray meets 
the tangent plane at the vertex. 
In a similar manner the refracted ray may be represented 
by the equations 

« = — \x-a) + c x 
/*, being the index of refraction of the second medium. 

972 92 972 92 

It follows from our hypothesis, that — - , — , — - , - 1 , S 0) 

" A*o r*\ r*i 

c , i t and c, are all small quantities of the first order. 

25. We will first investigate the relation between b x and 
J , and between c x and c . 

Let P be the point of incidence, 

C the centre and r the radius of curvature of the 

refracting surface, 
A the vertex ; 
and let a plane drawn through parallel to the plane zy 
be met by the incident and refracted rays at T and T' 
respectively. From the fact that the incident ray, the 
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refracted ray, and PC the normal at P, are all in the same 
plane, it follows that CT'T is a straight line (fig. 10)* 

FIG.IO. 




Let L PTC = a , 

zPfO = a', 
L TPG *= ^ 

lpga = 0, 

CP=r, 

and let a?, y, and 2; be the coordinates of P. 

Draw PAT, ^ilf perpendicular to the planes ocy } xz re- 
spectively. 

Then OM =OA + AM 

= a + r (1 — cosd). 

Now, at the point P which is common to the incident and 
refracted rays, the expressions for y given by their respective 
equations must be the same, hence 

where x = OM. 

„ Hence, substituting for & the value found for it above, 
we get 

^(l-cos0) + J o «^(l-cos0) + i,; 



_■ • 
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therefore b, = b B + r (1 - cos 6) [^ - ^1 . 

In accordance with our hypotheses — * and — L are small 

quantities of the first order, and 1 — cos 5 is a small quantity 
of the" second order, consequently 

r(, - C08 ' ) fe-^) 

is a small quantity of the third order and may be neglected. 
Therefore, to this degree of approximation, we get 

and in a similar way it may be shown that 

therefore the equations to the refracted ray may be written 

in the form m 

y = - l {x-a) + \ 

26. Next, we will determine the relations between m l} *?,, 
and *n , n . 

We have from the figure 

GT _ CT CP 

CT "" CP '■ CT 

_ sin0 f sin a 
sin a' ' sin0 o 

_ /u sina 

i* t sin a' * 

CT' 
But the ratio -^p w also equal to the ratio of the y coor- 
dinates of the points T' and T, t. e. of the points on the two 
portions of the ray whose abscissa is a + r ; therefore 

m.r 



Mo bid « M, 



'"+». 



/t.sina' tw„r , » 
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i n *ra,r T u n sin a (mjr . \ 

therefore — *- + b =£±-. — , [ -*- + b ) . 

But a and a' are both very nearly right angles ; therefore 
-. — , differs from unity by a small quantity of the second 

order. Also — — + b is a small quantity of the first order ; 

Mo 
therefore, if we neglect small quantities of the third order, 

we get 

«ir +J ,.&(3£ + 0. 



therefore ^ «3£+j.(&_ i) ; 



Ml Ml 



therefore wi,= m +^ — — 5 . 

In a similar way it may be shown that 

w ,= w o + — C 0l 

subject to the condition, that we may neglect small quan- 
tities of the third order. 

27. We have now found expressions for the constants 
involved in the equations to the refracted ray, in terms of the 
constants involved in the equations to the incident ray. It 
follows that if the equations to the incident ray be 

s=-f (x-a)+c 
M ; 

then the equations to the refracted ray will be 



-(*+**=*)£(*-•) + * 



C2 
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28. With the help of these equations may be proved the 
roost general case of the proposition, that 

All rays which proceed from one and the eame point will^ 
after refraction, meet again in one and the same point. 

Let £, 17, % be any point on the incident ray, and f ', 17', £ ' 
a point on the refracted ray ; then we have 






• 



Eliminating b from these two equations, we get 



therefore 



,..,r^.(r-«) + .] 



In a similar manner it may be shown, that 

{'-f[^(F-«) + '] 

Each of these relations between £', 17', f ' and £, 17, f 
involves an unknown parameter in the first degree, m in the 
first relation and w in the second. These quantities depend 
upon the particular ray considered. Each is constant so long 
as we consider the same ray, but assumes a different value if 
we change to another ray. 

Now it will be noticed that the coefficient of m is the 
same as the coefficient of n . If we equate this coefficient 
to zero, we get 



"-^fiS^-H «• 
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and consequently 

and r = ? j^!i (f _«) + i| (Hi). 

The constants which are involved in these three equations, 
namely, a, §l^ p tJ r, depend entirely upon the nature of the 
media| and on the position and curvature of the refracting 
surface. Thev are therefore absolute constants. 

It follows that these equations hold for any ray whatever 
that before incidence passed through the point fiyf. 

From (i) we get 

M, \ r Mo J 



Mo ' 



therefore f — + ^^"^ . , 

which gives us f in terms of f . 

If we substitute this value of f in equations (ii) and (iii), 
we get fj in terms of £, 17, and f ' in terms of f , f. 

Hence we see that we have found a point JVC on ^ l6 
refracted ray, whose position depends solely upon that of 
fi/f, and is independent of the particular ray considered. 
Consequently, every ray which before incidence passes through 
the point whose coordinates are f , iy, J, will after refraction 
pass through the point whose coordinates f, */> ?' are de- 
termined by the equations (i), (ii) and (iii) 9 whether the inci- 
dent ray meets the axis or not. 

This proves the theorem completely. 

29. Equation (i) in the preceding article leads to a very 
important geometrical property of conjugate points. It shows 
us that f depends upon £ alone ) and is independent of 17 and f. 
Hence, to all points which have the same £, correspond 
conjugate points, all of which have the same f. Conse- 
quently, if any number of points lie upon a plane perpen- 
dicular to the axis, the points conjugate to them will a,Uo 
all lie upon a plane* perpendicular to the axis. 



* '.' '* •*..; 
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Two such planes are said to be conjugate to one another, 
and are called briefly Conjugate Planes. 

The property of conjugate planes may however be proved 
in an elementary manner in the case in which the plane of 
incidence contains the axis of the refracting surface. We 
will assume that the plane of incidence is coincident with 
the plane of the paper. 

30. To investigate formula for the Geometrical determina- 
tion of the position of the point conjugate to a given one. 

Let P, P' be two points conjugate to one another. The 
position of P being given, it is required to find that of P' 

(fig. U). 



FIG. If. 




We know that PAP* will be the course of the ray which 
passes through thejvertex A. 

Draw PN 9 P '-^perpendicular to the axis and meeting it 
in N, N' respectively ; and through F and F' let FD, F'D' 
be'drawn perpendicular to the axis to meet the incident and 
refractedjrays respectively in D and D\ 

From the formula z + z' = h (Art. 16) we have, since h = 0, 



« = -« ; 



therefore FD and F'D' are equal in length, but on opposite 
sides of the axis ; therefore, by similar triangles, 

FD AF f 



and also 



PN ~ AN 
F'D 9 AF' 



AN' 
f 



FN' " AN' ~ AN 



* • 
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„ f.PN f'.FN' . „ 

~AN~ = AN' ' numencall J r > 
and we have previously shown (Art. 21) that 

AN* AH' 

These equations are sufficient to determine AN' and P'N' 
when AN and PAT are known. 

If we put w, y, v, y' for AN, PN } AN\ P'N' respectively, 
the equations may be written in the form 

&-ZL \ { i), 

^+ £- -1 I (ii). 

U V J v ' 

31. Equation (ii) of the preceding article leads at once 
to the property of conjugate planes, which, in Art. 29, we 
deduced from the formulas in the general theorem. The 
equation shows that the value of v depends only upon that 
of w, and is independent of y. 

Hence, if any number of points be taken, lying upon a 
plane perpendicular to the axis of the refracting surface, 
the points conjugate to them will also lie upon a plane per- 
pendicular to the axis. 

The distances u } v of two conjugate planes from the 
vertex are connected by the equation 

u v 

32. In Art. 22 it was shown how the conjugate point 
might be found graphically by following the paths of two 
known rays to their point of intersection. Now, however, 
by means of the equation 

we may determine the plane conjugate to that which passes 
through the luminous point; and for the determination of 
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the point conjugate to the luminous point, we need follow 
only o?ie ray to its intersection with the plane. 

The ray most suitable for the purpose is that which 
passes through the centre of curvature of the refracting 
surface. This ray crosses the surface without undergoing 
refraction, and its path from beginning to end is in one 
straight line (fig. 12). 

FIG. 12. 
















N 


a\ 


c ""\. 


N 



Let Q be the luminous point, C the centre of curvature, 
and QN the plane perpendicular to the axis which contains 
Q y and let QN' be the plane conjugate to QN 

Join QC } and produce it to meet the plane QN 1 at Q. 

Then Q is the point which is conjugate to Q. 

Hence we have the general theorem that all straight line* 
which join points to their conjugates pass through the centre 
of curvature of the refracting surface* 

33. Definition. The point Q, through which pass after 
refraction all the rays which proceed from Q, is called the 
image of Q. 

34. Let us suppose that there are a number of points 
such as Q, all of which lie on the plane QN. To each 
of these will correspond an image lying on the plane QN\ 
And if the points Q form in the aggregate an object of 
finite size and definite shape, the points Q will form an 
image exactly similar in shape to the original object formed 
by the points Q. 

The size of the image will not, however, be the same 
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as that of the object. It is necessary therefore to determine 
the relation between them. 

35. Definition. The ratio of the linear dimensions of the 
image to the linear dimensions of the object is called the 
magnification^ or the magnifying power of the surface. 

36. To find an expression for the magnification caused by 
refraction at a surface. 

Let Q be a point on the boundary of the object, then 
the conjugate point Q will be a point on the boundary of 
the image (fig. 12). 

Consequently the magnification is represented by the ratio 
of QN' to QN. 

This ratio we will denote by ?n, and we will find an 
expression for m in terms of u and i?, the distances respec- 
tively of N and N^ from the vertex A. 

Q'N' 



We have m = 



QN 



= Yrvr ky similar triangles, 



v — r 
u— r* 



But fl>-g»,^-^; 

v u r 7 

therefore ia x u (r — v) = fi v [r — u) ; 

therefore = — : 

u — r /^w 

therefore m = ^- (1). 

fl x U v 

37. We will now introduce a notation which will sub- 
sequently be found very useful. 

The symbols u and v denote what may be called the 
absolute distances of N and N' from A, 
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U 17 

Let us denote — and — by u' and v' respectively, then 



the formula for the magnification becomes 



v 

m = —, 

u 



(2). 



We may call u' and v' the reduced distances of N and N' 
from A. 

The same notation may be adopted for all linear magni- 
tudes, any reduced distance being obtained by dividing the 
corresponding absolute distance by the refractive index of 
the medium in which it is measured. 

38. Helmholtz* formula for magnificatixm!* 

Let a and a' be the angles at which an incident ray XY 
And the refracted ray YX' are respectively inclined to the 
axis (fig. 13). 

FIG. 13. 




Then 



therefore 



u tan a = AY = v tan a' ; 



m = — — 



r-o 



fl t U 

fi tan a 



(3). 



p t tan a' 

This formula is an important one, for it connects the 
magnification with the angle of divergence of the rays, and 
.is independent of the curvature of the refracting surface. 

* Helmholtr, Optique Physiologiqw. 
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39. It may be noticed that an expression for the mag- 
nification may also be obtained from equations (ii) and (iii) 
of Article 28. 

' y 
We get m = - = y 

where f-a+ ^"n* r 

Hence 

», *-* *v tf - a ) + i 



= 0*0 - /*,) (g - «) +1 

/V- (A*. -/O(f-a) 



AV 



/v - 0*o - /*») (£ - a ) 



■(*)• 



( 28 ) 



CHAPTER II. 

REFRACTION AT TWO SURFACES IN SUCCESSION. 

40. Many of the properties which belong to a ray of 
light when refracted at one surface only, may be extended 
almost directly to the case in which the ray is bent a second 
time in traversing a second surface. 

We assume that the second surface is related in position 
to the first in the manner described in fig. 1; that it is 
wholly independent of it as far as curvature is concerned ; 
and that the two surfaces are at any distance whatever apart. 

Two such surfaces combined form an ordinary thick lens, 
the character of which depends upon the curvatures of the 
two surfaces, the directions in which their concavities are 
turned, and the refractive index of the medium between 
them. 

The form of what we may call our standard lens is given 
in fig. 14 ; for, in accordance with our convention, both the 
radii of curvature are there positive. It is therefore the 
simplest case to demonstrate, as well as the one from which 
particular cases can most easily be deduced. 

FIG. 14- . 




We will also assume, as a rule, that the first and last 
media are similar — air, for example — and we will denote 
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the refractive indices of the successive media by /a , ja i9 p 
respectively. 

If, then, r t and r 2 be the radii of curvature of the two 
surfaces, the properties of any particular lens may be deduced 
from this general case by assigning to r x and r 9 their proper 
values, and to /i t the value of the refractive index of the 
particular material. 

41. If rays proceed from a luminous point and traverse 
two refracting surfaces in succession, they will, after emergence, 
meet again in one and the same point. 

Suppose P to be the luminous point. 

It has been proved in Chap. I. that the rays from P 
'will, after refraction at the first surface, meet again in a 
certain point P t . 

The point P x , or the image of P with respect to the 
first surface, may be considered as a source of light from 
which rays proceed across the second surface. 

All these rays, after refraction at the second surface, will, 
in consequence of the same law, meet again in a certain 
point P', the point F being the image of P, with respect 
to the second surface. 

Hence, all rays which proceed from a luminous point P 
and traverse two refracting surfaces in succession will, on 
emergence, meet again in one and the same point P'. This 
result holds whatever be the position of P, and whether the 
plane of incidence contain the axis of the lens or not. 

42. It is obvious that, just as in the case of one surface 
only, P and P are reciprocally related to one another, and 
that if we were to consider P as the source of light, all 
rays from it which traverse the two surfaces would on 
emergence meet together at the point P. 

Hence P and P are conjugate to one another with respect 
to the lens considered ; or, in other words, P is the image 
of P. 

43. The definition of conjugate points leads directly to 
the two following propositions : 
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(i) If s and <r denote any two incident rays, and *' and <r f 
the corresponding emergent rays, the point of concurrence 
of 8 and a is conjugate to the point of concurrence of 
s' and <r'. 

(ii) If P and Q be a pair of conjugate points, and p and q 
another pair, a ray which before incidence passes through 
P and p will after emergence pass through Q and q. 

44. If a number of points P lie upon a plane perpen- 
dicular to the axis, all the points P' conjugate to them will 
also lie upon a plane perpendicular to the axis. 

For the points which are conjugate to the system P with 
respect to the first surface lie upon a certain plane perpen- 
dicular to the axis. This was proved in the former chapter. 

We will call this system of points P t , and we may consider 
the points as sources of light from which rays traverse the 
second surface. 

Again, we know that all the points F which are conjugate 
to the points P x with respect to the second surface also lie 
upon a certain plane perpendicular to the axis. 

But the points F are conjugate to the points P with 
respect to the lens. 

Whence the proposition follows. 

45. If P and F be conjugate points, and planes pass 
through them perpendicular to the axis, it follows that any 
point on one of the planes has its conjugate on the other. 
Two such planes are said to be conjugate to one another 
with respect to the lens, and are called briefly Conjugate 
Planes. 

Also the points where the planes meet the axis of the 
lens are called Conjugate Foci. 

46. If any two conjugate planes be taken, and any number 
of points on one plane be joined to their conjugate points on 
the other, all these straight lines will meet the axis in the 
same point. 
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Let PN, P t N l} FN 1 be planes such that PN and P X N X 
are conjugate to one another with respect to the first surface, 
and P t N x and P'N 1 conjugate with respect to the second 
surface; and let 0,, C 2 be the centres of curvature of the 
two surfaces respectively (fig. 15). 

FIG. 15. 




Let P' be conjugate to P with respect to the Jens, and 
let the straight line PP' meet the axis at the point C". We 
will show that 0' is a fixed point, for different positions of 
P in the plane PN. 

If P l be conjugate to P with respect to the first surface, 
and therefore conjugate to F with respect to the second 
surface, it has been proved in Art. 32, that the straight lines 
PP X and P t F pass through C7, and G % respectively. 



We have 



PN NC. 



1 



and 

therefore 

therefore 

therefore 
therefore 



PN 


= t. t ~ = uu ii a i Hiii 

N t O t 


PN 

FN 


= *T7T7i = constant 

N G 9 




PN f f 
„ >XT/ = constant 
FN 




NC' f . 
t,t, s*. = constant 
N G 




NN* . f 
■^tttti = constant 

^(7 




NC'** constant 
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therefore C is a fixed point for all positions of P in the 
plane PN. 

47. If the point N move along the axis to an infinite 
distance from the lens, the rays which proceed from it, in 
the limiting position, will before incidence be parallel to the 
axis, and after emergence will meet at a certain point N' on 
the axis. 

Again, if the point N' move along the axis to an infinite 
distance from the lens, the emergent rays which converge 
to N' will, in the limiting position, be parallel to the axis, 
and must before incidence have issued from an origin of 
light at a point N situated upon the axis. 

The limiting position of N' as N moves off to an infinite 
distance, and the limiting position of N as N' moves off to 
an infinite distance, are called the Principal Foci of the lens. 
They are commonly referred to simply as the Foci, and are 
denoted by the letters F' and F respectively. 

Hence all rays which before incidence are parallel to 
the axis will after refraction pass through the point F\ and 
all rays which after emergence are parallel to the axis must 
have proceeded before incidence from the point F. 

48. If we denote by I and T respectively the infinitely 
distant points towards which N and N' move, it follows that 
I and F'j and F and T are pairs of conjugate points. 

49. The planes through the foci F and F' perpendicular 
to the axis are called the Focal Planes. 

50. The planes conjugate to the Focal Planes are at an 
infinite distance. 

Hence, if the luminous point be on a Focal Plane, it follows 
that all the rays which proceed from it will, on emergence, be 
parallel to one another. 

Also, if an image fall on a Focal Plane, it follows in the 
same way that the incident rays must all have been parallel 
to one another. 
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51. In the case of refraction at one surface only it was 
shown that the distances u and v of conjugate foci from the 
vertex of the surface are connected by the equation 



or by 



v u r 

f f 
J - + -=1. 
u v 



We will now Investigate the corresponding formula for 
the case of two surfaces. 

52. To find the relation between the positions of conjugate 
foci when a ray is refracted through a lens. 

Let QPPX 9 be the path of a ray, which crosses the 
surfaces at the points P, F respectively, and let X t , X 9 be 
the points at which the portions QP, PP\ produced if 
necessary, meet the axis: X z being the point at which the 
axis is met by the emergent ray. 

FIG. 16. 




Then X,, X 2 are conjugate to one another with rpspect to 
the first surface; and X a , X s are conjugate with respect to 
the second surface. 

Let A and A' be the two vertices. The thickness of the 
lens, AA\ is a positive quantity, but we may represent it 
by - f, if we consider t to be itself negative. With this 
notation we shall make the formulae more symmetrical. 

D 
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Let w, v l} be the distances of X l} X % respectively from the 
vertex A ; 

v t + t } i>, the distances of JST 8 , X s respectively from the 
vertex A'] 

r, a, the radii of the first' and second surfaces 
respectively. 
Then we have 

^i-^o = M, - /», 
v x u r ' 

and also fit . JSl. . flulA. 

For simplicity we will denote — ° by p and — * 

by a. Then we get 

fi - -• -ft 

**• M < -/r 
= <7. 

These equations may be simplified still further by using 
reduced distances instead of absolute distances ; as explained 
in Art. 37. 

We will write u' for — . v' for ~ , i for — , and so on. 

tl il IL 

r"o r*\ r*\ 

The equations then become 

1 1 

V~ J? -* 

1 _ 1 

It will however be unnecessary to use the accents if we 

remember that in future the symbols represent reduced and 

not absolute distances. 

So we get 

1 1 

v~ u = p > 

1 1 

= a. 

v v t + t 
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Hence 



or v = 



where 



1 

•. + « 


1 


1 


* X 1 

<+ 1 


1111 


<T+ < + p + U 


u(pt+l) + t 


tt(<rp* + <r + p) + <rt + 1 


Cu+D 


Au + B 


A = apt + p + <r f 


5= <rt + 1, 


C= p* + 1, 


D= *. 



CO. 



(H), 



53. We may notice that the constants B % and D can 
be expressed in terms of A. 

For *=f, 

D = — — - 

64. The constants -4, B, C, D are also connected by the 
equation 

AD-BC= (apt + p + <r) < - (<r* + 1) {pt + 1) 

= apt + pt + at — (o-p** + at + pt + 1) 

— 1. 

D2 
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55. If in the formula 

Cu + D 

V ~Au + £ 

we put u = Qo , we get 

A'F = v-% (i), 

and if we put v = qo , we get 

AF=u = -£ (ii). 

These values give the positions of the Principal Foci. 

56. If P and P be a pair of conjugate points upon the 
axis, we have 

FP.FP' = {AP- AF) [A'P' - AF') 

_ Au+B / Cu + D _ C\ 
A '\Au + £ Aj 

AD-BC 
A" 

" A 9 

Hence FP and FP' are of contrary signs; that is, two 
points which are conjugate to one another must lie either both 
between or else both outside the Principal Foci. 

It must be remembered that in this formula FP and FP 
denote reduced, not absolute distances. The proper formula 
for absolute distances is 

FP.FF = -t£ (ii). 



(0. 



57. The image formed by a lens. 

Thejimage of a point is its conjugate point. Hence if an 
object be situated in a plane perpendicular to the axis, its 
image formed by a lens will also be in a plane perpendicular 
to the axis. 
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Also, if m l be the magnification produced by the first 
surface, m % that produced by the second surface, and m the 
resultant magnification produced by the lens, we clearly have 

m = m x m % . 

We will now investigate formulae for the determination 
of m. 

58. To investigate a formula for the magnification produced 
by a lens. 

In the case of a single refracting surface it has been 
proved that _ _ v t 

u 



m % = — 



where u and v l are reduced distances. 

Similarly for the second surface we have 



therefore 



But 



therefore 



therefore 



But 



-therefore 



therefore 





V 

m a = ; 




9 v x +t> 




1 v, + * 




m % v ' 


1 


1 


— < 


= ai 


V 


t\+t ' 




v. + t m , 




\ -! + »(«, + «); 




m t m 9 v t 




= — (1 + at) -f ua. 




1 1 




vru=" 




u 




— = 1 + up ; 




= (1 + up) (1 + at) + ua 

m x m % x r/ x ' 




= l + o-*-htt(p + o , + pat) 




= B + Au; 



. /-* 
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therefore — = 2?+ Au (i), 

vt 

a formula which expresses the magnification in terms of u. 

59. We may find a formula for m in terms of v iq a 
similar way, or we may deduce it from Art. 58. 

For, we have 

Cu + D 

v 



Hence 



Us 



Au + B* 
D-Bv 
Av- C ] 



4U c » ^AD-ABv 

therefore - = B + — - A -^ 

rn Av — C 

AD-BC 

~ Av-C 

= „J 

€-Av> 

therefore m = G- Av ,.,..,♦ (ii), 

60. Helmholtz* Formula for the magnification. 
from Art. 38, we have for the first surface 

i* n tana 

w,= <-*- . 

1 fi x tana, 

Using a similar notation for the second surface, we get 

fi t tana, 
tn ax * — ? • 

8 /^tana,' 

therefore pi = ^ x — * , 

/^tana, /u 9 tana, 1 

— /^o tapg 
""^tano,* 

61. Points of unit magnification. 

If, in the formulae for the magnification, we put m^l, 

we get 

1-5 

U —A 

C-l 

V = ~A 
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These values of u and v determine two points on the axis, 
which we will denote by H and H' respectively. They are 
conjugate points; and are such, that if an object lie in a 
plane through either of them perpendicular to the axis, 
an image of exactly the same size as the object will be 
produced on a corresponding plane through the other point. 

62. These two points H and H' are of the Very greatest 
importance in the discussion of the path of a ray of light 
through a thick lens, or through a system of thick lenses. 
They are fixed points, whose positions depend entirely upon 
the constants of the lens, and they may therefore be used 
very conveniently as origins, with reference to which the 
positions of other points may be reckoned. 

Gauss was the first to introduce them into the problem. 
They were called by him Haupt-puncte or Principal Points. 
The planes through them, perpendicular to the axis, he called 
Haupt-ebene or Principal Planes. 

We may define these Principal Planes and Principal 
Points as Planes and Points of Unit Magnification. 

63. Formula* for the magnification^ when the foci are the 
origins from which distances are measured. 

The foci are given by 

c 

v= A 

Taking these points for origins, the magnification formulae 
become 

1=a( u -?) + b 

m \ AJ 

= Au (i), 

and m= C — A(v+-:) 

= -Av (ii), 

u and v being measured from F and F' respectively. 
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Hence we see again that wi> = - -t„ (Art. 56). 

64. Formula for the magnification when the Principal 
Points are the origins from which distances are measured. 
The principal points are given by 

1-5 



v = 



v = 



A 



A 

Taking these points for origins, the magnification formula 
become 

m \ A J 



and m 



= Au+ 1 (i), 

C-l 



-c-^^l) 



— 4t>+l (ii), 

u and v being measured from H and H' respectively. 

65. The formula connecting u and v when these distances 
are measured from the Principal Points. 
We have, from Art. 52, the relation 

Cm- D 
V ~Au + B* 

u and v being measured from the vertices. 

Hence, if we transfer the origins to the principal points, 
we get 



v + 



ACu+C-BC + AD 
A'u + A-AB+£A 

ACu+C-\ 
A(Au + l) ' 



REFRACTION AT TWO SURFACES IN SUCCESSION. 41 

therefore (Av + 0- 1) (Au + 1) = ACu + (7- 1 ; 
therefore -4*iw + -4y + Au ( (7 — 1) = A Cu ; , 

therefore A uv -f v — u = 0, 

1 x j 
or = A. 

v u 

66. If, in the formula, 

v u 7 
we put v = Qo , we get 

1 

and if we put u = oo , we get 

1 

Hence HF =-\ 

A Y 

that is, the reduced distance between either Focus and the 
corresponding Principal Point is equal to the reduced dis- 
tance between the other Focus and the dther Principal 
Point ; and, moreover, the Foci are either both between or 
else both outside the Principal Points. 

The absolute distances are — -? , -? , and are therefore 

A ' A ' 

also equal to one another, if the extreme media are the same ; 

but they are not necessarily equal, if the extreme media are 

different. 

67. Definition, The distance H'F' is called the Focal 
Length of the Lens. 

We may however take the reduced distance for the Focal 
Length, if it be distinctly understood that we do so. The 
two are the same when fi Q = 1. . 
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If we denote it by/, we have /="j) and the formula 

of Art. 65 becomes = 7 , 

v u f % 

68. Definition. The quantity A is called the Power of 
the Lens. 

69. The property of Principal Planes may be viewed 
in a slightly different way. 

If we consider a pair of conjugate planes, and join any 
number of points on one plane to their conjugates on the 
other, we know that all these straight lines will meet the 
axis in one and the same point (Art. 46). But if one of 
the straight lines be parallel to the axis, it may be supposed 
to meet it at an infinite distance. Hence they will all meet 
the axis at an infinite distance, and consequently they will 
all be parallel to the axis. 

But if two conjugate planes be so situated that the line 
joining any point on one of them to its conjugate on the 
other be parallel to the axis, it is obvious .that to an object 
on one plane will correspond an image of exactly the same 
size on the other. 

This is the property which belongs by definition to 
Principal Planes. 

Consequently we may define Principal Planes and Prin- 
cipal Points as follows : 

If two conjugate planes be such that the lines joining 
pairs of conjugate points on them are all parallel to the 
axis, these planes are called Principal Planes, and the points 
where they meet the axis are called Principal Points. 

70. It may be noticed that conversely if any straight line 
parallel to the axis, meet the Principal Planes at the points 
P and P' respectively, then P and P ' are conjugate to one 
another. 

71. To determine geometrically the position of a point P' 
which is conjugate to a given point P. 
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We will assume that the Foci F and F\ and the Prin- 
cipal Points £Tand JET have been determined, and that both 
the Principal Points lie between the Foci (fig. 17). 

FIG .1.7. 





We know from the definition that all the rays from P 
will, after refraction, pass through P'; hence it will be 
sufficient to find the ultimate intersection of any two of 
them. 

We will select that which proceeds from P in the direc- 
tion Pa, parallel to the axis, and which meets the first 
Principal Plane at a point a ; and also the ray PFft which 
passes through the focus F and meets the Principal Plane 
at a point ft. 

The incident ray Pa passes through 7, the, point at infinity, 
and a. Hence, (Art. 43), the corresponding emergent ray will 
pass through the points conjugate respectively to I and a. 
Let Pa be produced to meet the other Principal Plane in a'. 
Then we know that a is conjugate to a, and F' to I. 
Consequently a'F' will be tbe direction of the ray on 
emergence. 

Again, the incident ray PFft passes through F and ft. 
If a straight line be drawn through ft parallel to the axis, 
and meeting the other principal plane at £', then ft' is con- 
jugate to ft. Also T is conjugate to F. Hence ft'P' drawn 
parallel to the axis, will be the path of this ray on emergence. 

The point P', which is conjugate to P, is the intersection 
of olF' and ft ft' produced. 
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We have consequently the following Geometrical con- 
struction for the determination of P'; through P draw Paa! 
parallel to the axis to meet the second Principal Plane at a', 
and draw also PFfi to meet the first Principal Plane at /8. 
Draw (iff parallel to the axis. Then a'F' meets /3/3' } pro- 
duced if necessary, at the point P' required. 

72. It should be noticed that if the first and last 
media be the same, the figure Pa'P'fi will be a parallelo- 
gram. 

73. To investigate algebraical formula connecting the 
positions of two conjugate points which do not lie upon the 
axis. 

The letters in the accompanying figure have their cus- 
tomary signification. 

We will assume, for simplicity, that H and H' lie between 
F and F\ and we will consider numerical values only. The 
signs can be readily determined by inspection. 



p. 


, >«l 




FICJ8. 


d 






\ 






A 


A 


H 


tf 




N* 








fit > 





let 



Let FN, P'N' be drawn perpendicular to the axis; and 

PN =y, NH = x 
P'N'=y\ N'H' = x' 
HF =/, H'F=f 
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Then, from the similar triangles j3EF and /8aP, we get 



or 



EF 

aP ~ 




f = 

X 


y' 
y+y" 



Again, from the triangles clH'F' and a'£'P', we get in a 
similar way 

x' y + y" 

therefore /+•£, = l (I), 

xx v " 

and H-Q (ii). 

XX ' 

If x and y be given, these two equations are sufficient to 
determine x and y\ Hence, if P be given, the position of 
P' can be determined. 

74. If the extreme media be the same, we have f and /' 
equal to one another numerically, but of opposite signs. 
In this case the formulas of the preceding article reduce to 

1111 
x x f 

and I = K 

X X 

The first of these is similar to the formula obtained in the 
case of refraction at one surface only ; the distances u and v 
in that case being measured from the vertex. 

The second formula, - = -, , shows that if Pand P (fig. 19) 

x x 

be any two conjugate points, and if they be joined to H and 

H' respectively, the straight lines PH and P'H' are parallel 

to one another ; that is to say, an incident ray through the 
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FIG. 19. 



H 




Principal Point H will produce a parallel emergent ray 
through the other Principal Point H\ 

Hence for a lens, when the extreme media are the same, 
the Principal Points possess the property which belongs in 
the general case to what are called the Nodal Points. The 
general case will be considered in a subsequent chapter. 



75. The results of Art. 73 may be put in 
We have 


another form. 






x y + y' . 

/" y ' 




therefore 




»-/_y . 




similarly 




f ~y' 




therefore 


(X 


-fw-n-jr 


(iii). 



76. If straight lines be dravm through F and F 9 per- 
pendicular to the axis, to meet the incident and emergent rays 
respectively in D and D % then 

FD + F'D' = Ha. 

Let the incident and emergent rays, produced if necessary, 
meet the axis at the points X } X' respectively (fig. 20). 
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FIG. 20. 





Then we know that X and X' are conjugate to one 
another; therefore 



./ /' 



therefore 



therefore 



UX ' EX' ~ 1; 

EX-f E'X'-f 
tor "*" wv ~ 1 5 



EX 
FX 



EX' 
F'X % 



therefore 
therefore 



EX x EX 9 

FD F'D' 

+ 



= 1 






Ea ' £'a' 

for aa' is parallel to the axis, and therefore E'd = 5a. 

If we denote FD, F'D\ Ea by s, s', A respectively, 

we get 

z + «' = h, 

which is similar to the corresponding formula obtained in 
Art. 16 in the case of a ray refracted at one surface only.* 

77. The image of a plane luminous object formed by a 
thick lens. 

We assume that the object lies on a plane P perpen- 
dicular to the axis ; and that it may be regarded as a cluster 
of luminous points, each of which has its image on the plane 



* Carl Neumann: Ueber die Haupt- und Brenn* PuncU, 



48 LENSES AND SYSTEMS OF LENSES. 

P conjugate to P. These point-images, in tbe aggregate 
form the image required. 

The determination of the position of the plane P' when the 
Principal Planes have been found, has been explained in 
Arts. 71, 73. It will be shown in Chapter V. how the Prin- 
cipal Planes themselves may be determined experimentally. 

Again, it has been proved that all the lines joining cor- 
responding points of object and image, meet one another 
at a point C on the axis. Hence the image is similar in 
form to the object, and will be inverted or upright according 
as ' lies between them or not. 

78. To determine the image graphically* 

Let us take any point of the object and join it to its 
conjugate point. This line, produced if necessary, will meet 
the axis at a point C ''. 

If we now describe a cone which has its vertex at G\ 
and the object P for its base, then the section of this cone 
made by the conjugate plane P 1 will be the image required. 

79. Definition. When a ray parallel to the axis is 
refracted by a lens, it receives a certain deviation. A thin 
lens, which, when placed coaxally with the lens, would 
produce the same deviation in the same ray, is said to be 
equivalent to the given lens. It is called, briefly, the 
Equivalent Lens. 

80. To find the deviation produced by a thick lens. 

Let QPP'Q be the course of a ray, which before inci- 
dence is parallel to the axis, and which crosses the refracting 
surfaces at the points Pand P' respectively (fig. 20 a). 

Let A X P = A, and let the radii of the surfaces be r and s. 

We will consider all deviations positive when they are 
towards the axis, and we will denote the deviation at P by 
- 8 ; then from Art. 8 we have 

/*! r 

-£* (i). 

Mi 
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A. 




We have, from the Geometry of the figure, 
AJ" = A t P + PG tanP PG 

= A -M — . if - f = absolute thickness of len» f 
Mi 

= k (1 + p<) r if — £ = reduced thickness. 
Again, deviation at P' 



= /».- M, f *(l+P*) J 



^ Ao- (l + pfl /«, - /*, 



& 



/*« 



therefore total deviation = 



But total deviation = deviation at P+ deviation at P'; 

[g[ A<r(l+p<) m.-A*, s 

A<r (1 4 pfl /*, g 
-{<r(l + pfl+p} 



E 
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81. The focal length of the equivalent Lens. 

In Art. 9 we have shewn that a single refracting sur- 
face, which may be considered as an indefinitely thin lens, 
produces in a ray parallel to the axis a deviation 

_* Mi -AS 

r Mi 
_h 

f being the absolute focal length of the surface. 
Also (Art. 80) a thick lens produces a deviation 

= Ah 

" /*# " 
Hence the absolute focal length of the thin lens which 
would produce the same deviation as a given thick lens, or, in 
other words, the absolute focal length of the equivalent lens, 
is given by the formula 

h_Ah 

/" Mo' 

'-2- 

Consequently, the reduced focal length of the equivalent 

lens 

__1 

"A' 

82. If the results of Arts. 67 and 81 be compared, it will 
be seen that the focal length of the equivalent lens is equal 
to what we have defined as the focal length of the thick 

lens itself, for each is equal to -j . 

This equality is evident geometrically. For if we con- 
sider a ray which before incidence is parallel to the axis, we 
know that on emergence it will pass through F' (see fig. 21) ; 
the deviation being represented in the figure by the angle 
between Paa! produced and a' F\ And if the ray pass through 
the equivalent lens, the deviation produced being the same, 
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FIG. 21, 




it is clear that the emergent ray will cat the axis at a 
distance from the lens equal to H'F\ the same as before. 
Consequently the two focal lengths are equal to one another. 

83. In this chapter we have considered the passage of a 
ray of light across two surfaces only, and we have proved 
(Arts. 52, 58, 59) that the positions of eonjugate points are 
connected by the relation 

_ Cu + D 

and that the magnification is given by the formula 

C-Av, 



or 



m 



- = B + Au. 
m 



In the next chapter we shall prove that however many 
surfaces be crossed by the ray, the formulae which correspond 
to those given above are exactly analogous to them; and 
that in the general case, for any number of surfaces, the 
constants A, 2?, (7, D are connected with one another in 
exactly the same manner as in the case of an ordinary thick 
lens (Art. 53). 
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CHAPTER III. 

REFRACTION AT ANY NUMBER OF SURFACES. 

84. The refracting surfaced to be considered are spherical, 
and have all their centres of curvature upon the same straight 
line, which is the axis of the system. 

The spaces between the surfaces are supposed to be 
occupied by homogeneous media, such that the medium on 
one side of any surface and that on the other side have 
different refractive indices. 

By assigning suitable values to the indices of refraction, 
to the distances between the vertices, and to the radii of 
curvature, this system of refracting surfaces may be adapted 
to the case of any system whatever of any number of co-axal 
lenses, simple or compound. 

85. Several of the properties that have been proved for a 
lens can be extended at once to the general case. It will be 
sufficient if we merely state the propositions, and then leave 
the reader to prove them by generalising the corresponding 
propositions in Chapter II. In many cases the requisite 
alterations will be but verbal. 

86. (i) If any number of rays proceed from a luminous 
point P, and traverse a system of any number of refracting 
surfaces in succession, they will, after emergence from the 
system, pass through one and the same point P' (Art. 41). 

Two points such as P and F are said to be conjugate to 
one another with respect to the system of surfaces. 

(ii) The point of concurrence of any two incident rays is 
conjugate to the point of concurrence of the corresponding 
emergent rays. 
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(Hi) If P, P' be a pair of conjugate points, and p, p' another 
pair, then the incident ray which passes through P and p will 
produce an emergent ray passing through P' andp'. 

(iv) To a system of points P lying on a plane perpendicular 
to the axis, corresponds a system of points P, which are 
conjugate respectively to the points P, and also lie on a plane' 
perpendicular to the axis. 

Two such planes are called Conjugate Planes, that is to 
say, planes conjugate to one another with respect to the 
system of surfaces considered. The points where they meet 
the axis are called Conjugate Foci. 

(v) If P and P be two conjugate points, a plane through P 
perpendicular to the axis will be conjugate to a plane through P 
perpendicular to the axis. 

(vi) If two conjugate planes be taken, and any number of 
points on one be joined to their conjugates on the other, all these 
straight lines will meet the axis at the same point. 

87. If the incident rays are all parallel to the axis, they 
may be considered as proceeding from a point I on the axis at 
an infinite distance from the vertex of the first surface. After 
emergence from the system they will meet together at a 
point F' on the axis. 

Again, the rays which after emergence from the system are 
all parallel to the axis may be supposed to meet the axis at 
an infinitely distant point I', and must before incidence on 
the first surface have proceeded from a* certain point F on 
the axis. 

The points F and F are called the Principal Foci, or 
briefly, the Foci of the system. The planes through them 
perpendicular to the axis are the Focal Planes of the system. 

Also F, 1' and I, F are pairs of conjugate points. 

The properties (Art. 50) of rays which before incidence or 
after emergence, meet at a point on a Focal Plane, are true 
also whatever be the number of surfaces crossed by the rays. 

88. We will now suppose that the source of light is at a 
point X on the axis of the system, and we will denote by u 
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its reduced distance from the vertex of the refracting surface 
nearest to it. The reduced distance of X„ the point con- 
jugate to X with respect; to the first surface, will be denoted 
by tv 

If JT f be conjugate to X x with respect to the second surface, 
their distances from the second vertex may be denoted by 

v x + t t and v Ml 

where, with the notation explained in Art. $2, — t x is the 

reduced distance between the two vertices. 

Again, if —t t be the distance between the second and third 

vertices, the distances from the third vertex of X t and the 

point conjugate to it with respect to the third surface may be 

denoted by 

v % + t % and v t ; 

and so on. 

In this way, if we suppose that there are n surfaces, we 

have for the last pair of distances 

Vi + '.hi and *•• 

We will suppose the radii of curvature of the surfaces to 
be r„ r 8 , r 8 , ...r n successively ; and the indices of refraction of 
the successive media to be /* , /*„ /* s , /*„ ... /*„; p n and p Q 
being equal to oue another, wheu the first ai}d last media are 
the same. 

The expressions 

will be denoted by p„ p 9 , p 8 , ...p n respectively. 

The above notation will be employed throughout the 

subsequent articles. It will be observed that the distances 
are reduced distances. 

We will now proceed to consider the relation between the 

positions of two conjugate foci. 

89. To find the relation between the positions of two 
conjugate foci, when a ray is refracted at n surfaces in 
succession. 
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From Art. 52 we have, with the notation explained in the 
preceding article, 

1 1 



v x u 



v % v x + t x 

1 _ 1 

»■ V * + ** 



1 



= Ps> 



•• 

1 



Hence 



v v + 1 



1 



1 



fc + 



11 1 1 111 



C D 
90. If -i and -^ be the penultimate and ante-penultimate 

convergents to the continued fraction 

_1 1_ 11 1 1 

we get « = -j f, . 

Now, the number of quantities such as 

w > Pn 'n Pt» *ti **-uft» 

is 2w. 

Hence -j is an odd, and -^ an even convergent to v M j 

consequently 

DO 1_. 

B A BA' 

therefore AD-BO=-\. 
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For simplicity we will suppress the subscript letter in v n 
and call the distance v. We have then 

Cu + D ... 

where the constants -4, 2?, C and D are connected by the 

relation 

AD- BC=- 1 (ii). 

It will be seen that the formulae (i) and (ii) are precisely 
analogous to those obtained in Arts. 52 and 54, in the case of 
a single thick lens. 

91. If in the formula 

Cu + D 

V ~Au + B 
we put u = oo , we get 

C ,.. 

v= 2 W» 

and if we put v = oo , we get 

w = -;g ("), 

which determine the positions of the Principal Foci of the 
system. 

92. If P, P' be two conjugate points on the axis, and F 9 
F' be the Foci, we have, as in Art. 56, 

FP.FP 1 — ^, 

if FP and F'P' denote reduced distances, or 

if they denote absolute distances. 

93. In Art. 53, it was shewn that each of the constants 
B, (7, D can be expressed in terms of A. This is a very 
important property, and we will now show that it is a general 
one; that it holds for the case of a system of n surfaces 
as well as for a simple thick lens. 
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94. If — - 7 : denote any continued fraction, its 

a+ b+ c+... J ' 

successive convergents may be written in the form 

(1) jj) jJc) Jfict) 
(o)' {aby (abc)> (abed)' 

the successive numerators and denominators being connected 
by the relations 

(be) = c{b) +(1), 

(bed) = d(bc) + (J), 
(oJccZ) = rf (abc) + (ai), 
&c. 

The functional sign is purposely the same throughout, 
for we know' that (bed) in the fourth numerator is exactly 
the same function of i, c, d 7 that (abc) in the third deno- 
minator is of a, bj c. 

Among the known properties of the numerators and 
denominators of these successive convergents we have the 
following ; 

(abcd...hk) = (kh...dcba) I, 

that is to say, any function (abcd...hk) is unaltered if we 
reverse the order of the letters. Also 

&c. 

These theorems are very important, but we have not 
been able to find them in any English book on the subject. 
It may therefore be useful to the reader if we give proofs 
of them in an Appendix at the end of this volume. 

95. The quantity A is the denominator of the penulti- 
mate convergent to the continued fraction 

1 J_ 1 1 1 1 

Pn+ '.-.+ />«-,+ *,+ Pl+ «' 
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and is consequently a function of 

Pnl *«-il Pn-li — *1> Pi" 

Hence, we may write 

A = 4> (p„> d, P-,> — *d P,)> 

and therefore by Theorem I of the preceding article, we 
have also 

A = 4> (pi, *!, p 8 > <«i ... p-i> ^, pj C 1 ) ; 

and, by Theorem II, we have 

*-£ ) (»)• 



D 



d*A 



d Pl d Pn) 

Hence, whatever be the number of surfaces, B } G and D can 
always be expressed in terms of A. 

These results are precisely analogous to those obtained in 
Art. 53. 

96. Let us represent the denominators of the successive 
convergents to the continued fraction 

JL 1 1_ J_ 1^ 

Pn+ '-1+P-1 + *1+ Px* 

by A, A * A * 4**; 

then we know that each of these quantities is connected with 
the two preceding it by the relations 

A U-l ~ Pl A *n-t "" A **-» —Of 

A m-* ~" *i-^»-t ~ -^«i^4 = 0> 

^-pA.-4-A.-6 = <>, 

&c, 

of which the last are 

-4-P.-4- 1 ' 
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v 97. If, for example, we suppose that there are four 
iBurfaces, we have 2n — I = 7, and we get 



a ,-pA<- A 



A ,-*A- A 



a >-pAa- A 



= 
= 
-0. 
= /. 

A - *At = i 
A=pJ 

Rence, solving these equations for A ti we get 



A ~*Ai~ -4 



A 



h-p t ,-h 0) 0, 0, 



o, 
o, 
o, 
o, 
o, 
o, 



1, - *„ - 1, 0, 0, 



o, 
o, 
o, 
o, 
o, 



h-p*-h °» 



o, 
o, 

o, 



1, - *„ - 1, 










o, -p„ -h 



o, 
o, 
o, 

0, 



l » -p»» - l 



o, 
o, 
o, 



1, -'. 







1 








o, 

0, 1, - *„ - 1, 0, 0, 

o, o» J) - />„ - i. o, 

0, 0, 0, 1, - <„ - 1, 

0, 0, 0, 0, 1, - p„ - 1 

1, 0, 0, 0, 0, 1, -t t 
. P» o, 0, 0, 0, 0, 1 

The coefficient of A f in the above result is a determinant 
which has all the terms on one side of its diagonal zero, 
and all the terms in the diagonal unity. The value of the 
determinant reduces therefore to unity ; and we get 



4 — 



-P,»-l| °> 0t o» <>i 

i, -«,. i» o, 0, 0, 



o, 
o, 



li -p«-h o, 0, 

o, i, - K, - 1, o, 

<>i o, i, - />„ - h 

o, o, 0, ), -*„ -1 
0, 0, 0, 0, 1, *p 4 
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therefore 



a=- 



98. If, again, we suppose that there are two refracting 
surfaces, we have 2n — 1 = 3, and therefore 

A-prA- 4 = 

-p„ -ii o 

1. -«.l -1 

o, i, -p, 

= pM + Pi + Pi> 

which agrees with the result obtained for a thick lens in the 
preceding chapter. 

99. For the case of one surface only, we have 

= p,» 

which, too, agrees with previous results. 

100. For the general case of n surfaces, we have 



4~~ 



-p„-i» o, 0, 0, 
h -«,i -i, ' o, 0, 

°> h-p»-h o» 

o, 0, 1, -<„-l, 



1, - '«, - 1 
1, -ft 



101. We may now investigate a relation whereby the 
value of A for n surfaces may be determined from that for 
n — 1 surfaces ; that is to say, we will investigate an equation 
connecting -4^ and A^^. 

We know that -4^., is the denominator of the last con- 
vergent to the continued fraction 

J. 1 1 1_ _^ l^ 
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that is, to the continued fraction 

1111 11 



Pi+ «i+ P* + <.+ "Xi+P w ' 
obtained by reversing the order of the letters in the pre- 
ceding one. 

If we denote the denominators of the successive con- 
vergent s to the latter fraction by 

-^n ^i* -^s» •••-^a»-i> 
we have A^ = P% A^ 2 + A^) # 



-^sn-s ~ ^i-^sn-8 






therefore A^ = (p.f.., + 1 ) A^, + Pn A 



tw-4 



-fo^ + lj^ + p,^-* 



dp 



M-l 



102. It is clear that 

4=P, (i). 

From this, by means of the formula just proved, we get 

A=(* + pA)4 + p,^ 
-(* + PA)Pi +P. 

= Pi + P. + P,PA (")• 

dA 
Hence ^.-U+pAMi + P. ^ 

= (1 + PA) (Pi + P» + PiPA) + P 8 (1 + PA)—( ffi )f 
and so on. 

The formula of Art. 101 consequently enables us to de- 
termine the value of A for three surfaces from its value for 
two, then its value for four surfaces from its value for three, 
and thus by successive steps to its value for any number of 
surfaces whatever. Moreover, from the value of A in any 
particular case, we can determine the corresponding values 
of J5, C and D. Thus we see that the values of A, J5, 0, D 
for any system of surfaces may be deduced from the value 
of A for one surface only. 
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103. Magnification. It has been proved in the particular 
case of a lens, that m or the magnification can be expressed 

as a linear function of v* and — as a linear function of u. 

7 m 

We will now show that the magnification can be so ex- 
pressed, whatever be the number of refracting surfaces ; that 
the formulae in the general case are precisely analogous to 
those obtained in the particular case ; and that they involve 
the constants -4, 2?, and G in exactly the same way. 

104. The magnification produced by a system of n re* 
fracting surfaces can be expressed as a linear function cfv. 

Let us consider the system formed by the first n — 1 
surfaces, and let (m) n _ t denote the magnification produced 
by it. 

Also let v n ^ be the reduced distance of the (n — l) th image 
from the (»— l) th vertex. 

We will assume that {m) n _ t can be expressed as a linear 
function of #„_„ and thence show that on this supposition, the 
magnification can again be expressed as a linear function 
of v w , if we cause the rays to pass' through an additional or 
71 th surface ; v n being the reduced distance of the n ih image 
from the vertex of the n^ surface. 

We will assume that 

and we will suppose that —t n _ x is the reduced distance between 
the (n — 1)^ and the 71 th vertices. 

It has been proved, that the magnification produced by a 
single surface 

v 
~~ u ' 

Consequently the magnification caused by the n* surface 
alone 



V n 



v „-i + '-, 
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Hence, if we denote by m the whole magnification pro- 
duced by the n surfaces, we have 



m = (7 — °w. 1) ! 4 — • 



But - = 0; 



therefore 



s = 1 _ v p • 



therefore m = { 7 + a^, - a ( Vt + '„-,)} r-^r 



V 

u 



*" (7+a'«-t)-ai> w 



= ( 1 - V «Pn) (7 + <0 ~ *»u 



= 7' — a't> . 



Hence the magnification can be expressed as a linear 
function of v n . 

105. Again, if P and P' be two points that are conjugate 
to one another with respect to the system of surfaces, we 
know that which ever we consider as the source of light, 
the rays from it will produce an image at the other point. 
The same is true of objects and images of a definite size. 
Consequently, if we transpose the terms object and image in 
the preceding article, and consider as an origin of light what 
.is there treated as an image, the image of it produced by the 
system of surfaces will be what we originally considered as 
the object. 

The magnification produced by the system thus trans- 
posed will clearly 



m ' 



Also the quantity corresponding to v n is obviously u. 
. Hence, we obtain as a result, that for a system of any 
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number of surfaces the inverse magnification, or — , can be 
expressed as a linear function of u, or 

m 

106. We have proved so far that the magnification 
produced by a system of n refracting surfaces may be ex- 
pressed in either of the forms 



m = y —av 



«> 



and -=£' + a"u. 

m 

If we suppress the subscript letter n, the former becomes 

m = 7' — olv. 

These formulas are similar in form to those obtained for a 
lens. We have now to determine the yet unknown constants 

107. The formulas for the magnification, namely, 

m = 7' -a'v" 

i = £' + a"i* 

must clearly be equivalent; so that if in the former we 
were to put for v its known value in terms of u, we should 
certainly get the latter. It follows, therefore, that if we 
eliminate m from the two expressions, the result of elimination 
will be an expression involving only w, t?, and constants, 
which must be identically the same as the known relation 

Cu + D 
Au+ B 

Eliminating 772, we get 

l = ( 7 '_a't;)0S' + a''«), 
or 1 = y'ff + a"yu - ffa'v - a'a'uv, 

or qlol'uv + $ 'a'v - a "yu + 1 - y'& = (i). 
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Also from v = -= ^> i we get 

Au + B 1 ° 

Auv + Bv-Cu-D**0 (ii). 

The equations (i) and (ii) must be identically the same; 
hence, comparing coefficients, we have 

A B = -D ' 



pa) ; 



a 7 
therefore -r = 7* = X 

therefore, substituting for a, a", 7, £', in the equation 

g 'g" _ 1 , yff 
4 ~ -Z) > 

we get XX'JIZ) = - 1 + XVJ50 ; 

therefore XX' (AD - jBC) = - 1 ; 

therefore XX' = 1 (iv). 

Again, substituting in the formulae for m the values of 
a', a", £*, 7' given by (iii), we get 

m = X (£7 — -4t;), 

l = ~(B+Au). 
m X 

The resemblance between the formulas for n surfaces and 
the formulae for a lens has now become more distinct ; but 
the method described here does not lead to the determination 
of X in an elementary way. The method is in itself impor- 
tant, but for our special purpose it will be better to consider 
the matter directly. 

108. To investigate a formula for the magnification pro- 
duced by a system of n refracting surfaces. 

Let us consider the last n — 1 surfaces and let A\ B y . 
C' } If be the corresponding values of A } B } £7, D. 

F 



66 LENSES AND SYSTEMS OF LENSES. 

If rri denote the magnification produced by these n — 1 
surfaces, we will assnme that 

1 = A'u' + B\ 

where u' is the distance of the second image from the second 
vertex. 

The magnification produced by the first surface is given by 

Hence oti, or the resultant magnification produced by the 
whole system, is given by 

- = {A'u' + jB') - 
m ' v x 

= A'u + (B' + A't t ) - . 
But = p l ; 

therefore — = 1 + up. ; 

v t ri 7 

therefore — = A'u + {B' + A\) (1 + u Pl ) 

Tfm 

= u (A' + 2?>, + A'tj>} + B' + A\. 
Now A' is the denominator of the last convergent to 
the continued fraction 

1X1 1 

- - - — -^— ■ • ^_ • 

we have also B' = -^ — , 

and we have proved that successive denominators are con- 
nected with one another by the equation 

dA 
A*r - (PJ* + * ) A~ + P. "^ , (Art 101). 

Hence A - {p x t t + 1) A' + p~B', 

and B = y==A't 1 +B , z 

dp. « » 
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therefore — = Au + B (i) ; 

m 7 

and if in this formula we substitute for u its value in terms 
of v found from the equation 

Au + B 

we get m=*-Av+C (ii). 

Hence the magnification produced by a system of n 
refracting surfaces can be expressed in exactly the same 
form as that produced by a lens. 

109. If the foci be taken as the origins of distances, 
the formulae for the magnification become (Art. 63) 

- = Au 

m n 

m = — Av 
u and v being measured from 2?" and J? 1 ' respectively. 

110. Helmholtz 1 formula for the magnification produced by 
a system ofn surfaces. 

If /i , /*,, ^...fi % be the refractive indices of the suc- 
cessive media; 

and a, a 1? a 8 , ... a A be the angles at which the succes- 
sive portions of the ray are inclined to the axis of the 
system ; 

and m l9 m s , m g , ... m % the magnifications produced by 
the surfaces; we have 

u A tana 
m. = ^ 



1 /», tana, * 

a t tana, 
1 /a tana. 



m n - -^ ** • 



/* H tana n ' 

therefore m = ^ . 

/i M tana tt 

F2 
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111. Points of Unit Magnification. 

If in the formulae for the magnification we put 7/2 = 1, 
we get 

1-B ^ 



i* = 



A 



A J 



V ~ A 

The points so determined were called by Gauss the 
Principal Points of the system of surfaces; the planes 
through them perpendicular to the axis are the Principal 
Planes. 

The Principal Planes are conjugate to one another with 
respect to the system of surfaces, and are such that to an 
object on one plane will correspond an image on the other, 
the image and the object being of exactly the same size. 

. 

112. From the definition of Principal planes, that they 
are Conjugate Planes and also Planes of Unit Magnification, 
it follows that a straight line parallel to the axis will meet 
them in points that are conjugate to one another. 

113. All that we have said with respect to the Principal 
Points of a lens is equally true of the Principal Points of 
a system of n surfaces. 

It will be enough perhaps if we simply state the facts, 
the proofs of them being already given in the corresponding 
articles of Chapter II. 

(i) If the Principal Points be taken as origins from 
which distances are measured, we get 

m=z -Av + 1 I 

i. J.+.}- ' ArtM) - 

m * 

i- - - A, (Art. 65). 
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• (ii) ^F— 2 

), (Art. 66), 

these being reduced distances. In absolute measurements 

EF =-^ 

A 



ST 



a' 



If the two extreme media be the same, these absolute 
distances become numerically equal. 

The absolute distance H'F' is called the Focal Length 
of the system. 

If we denote the reduced distance H'F' by /, we get 

f ss 'j} and therefore 

1 1 _ 1 
v u f 

Also the Foci lie either both between or both beyond 
the Principal Points* 

(iii) To determine the position of the point P r conjugate 
to a given point P, we have the following construction: — 
Through P draw Pad parallel to the axis to meet the second 
Principal Plane at a , and draw also PFfi to meet the first 
Principal Plane at /S. Draw ££' parallel to the axis. Then 
dF produced will meet #8' at the point P' required. 
(Art. 71). 

(iv) If $xy\ [x'y') be the coordinates of two conjugate 
points P and P' respectively, as explained in Art. 73, we have 



£ + £- 



^ 




/and/' being the absolute distances HF, WF* respectively. 
Also (*-/)(*'-/')=//'• 
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(v) If straight lines be drawn through F and F' perpen- 
dicular to the axis to meet the incident ray and the emergent 
ray respectively in D and D', then 

FD + FD' = Ha, 

a being the point at which the incident ray meets the Prin- 
cipal Plane. (Art. 76). 

114. The image produced by a system of surfaces can? 
be determined in the same manner as in the case of a 
lens. (Arts. 77, 7S). 

115. Definition. When a ray parallel to the axis i» 
refracted by a system of surfaces, the ray receives a certain 
deviation. 

A thin lens, which when placed eoaxally with the system* 
would produce the same deviation in the same ray, is said 
to be equivalent to the given system of surfaces 

It is called, briefly, the Equivalent Lens. 

116. To find the deviation produced by a system of surface* 
If a ray parallel to the axis cross a refracting surface at 

a distance h from the axis, it has been shown (Art. 80) 
that the deviation produced 

ph 

where fi is the refractive index of the medium following- 
the surface, and p the power of the surface. 

Let the deviations after crossing the successive surfaces be 

S i> K K — K> 
and the distances from the axis of the points of incidence be 

K K K ••• Ki 
the powers of the surfaces being as before 

Pu P*i Pmj ••• Pn' 
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Assuming as before that the deviations are measured 
towards the axis we get easily (as in Art. SO) that, 

A*, 

and so on, - t tl &c. being the absolute thicknesses. 

Now if we write 8', for /^S,, 8'^ for pjS^ &c., these 
equations become, using reduced thicknesses, 

S 'i = h iPu 

h 2 = h t + 8\t t , 

S'i-S'i + Vif 

K = K + S V*> 



If we form the continued fraction 

J_ J_ J 1_ 1^ 

/>.+ *!+/>■ + * 8 + &c -+/>/ 
it is easy to see that the denominator of the last convergent 

will be t-"i *•«• ^t- 5 ; a Q d the same denominator has also 
been represented by -4. Hence 

a*„ 

117. If/ be the absolute focal length of the equivalent 
lens, we have 

/ "' 
therefore f = '8* = A 1 

therefore the reduced focal length = -7 « 
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118. Again, since the denominators of the last conver- 
genta to the fractions 

1111 



. 1111 

and — — — 

Pl+ *i+ P«+— Pn 

are the same, it follows that the two reduced focal lengths 
of the system are equal to one another. 

Hence if we denote the absolute lengths by / and /', 
we have 

If the first and last media are the same, we have 

/= /' numerically, 
or / = - /' algebraically. 

119. It should be noticed that the so-called equivalent 
lens merely produces the same deviation as the system. It 
does not bring the rays to the same focus, nor therefore 
does it produce an image in the same position. It may be 
shown however that both these conditions may be satisfied 
by using two thin lenses properly situated. 
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CHAPTER IV. 



ACHROMATISM. 



120. When an object is viewed through a lens or through 
a system of lenses it commonly appears to have a sort of 
coloured border. This is due to the fact that ordinary sun- 
light is composite and not simple. It is a combination of 
an indefinitely large number of different Ymds of light, which 
have different degrees of refrangibility and all varieties of 
colour. 

The various component rays which make up a resultant 
ray of ordinary sun-light can be separated from one another 
by allowing the ray to pass through a glass prism. If the 
light as it emerges be cast upon a screen, there will appear 
an elongated continuous coloured band. The component rays 
being of different refrangibilities must necessarily meet the 
screen at different points. 

NW, if P be a luminous point and P' be its conjugate 
point, or image, we know that the position of P' is a function 
of the refractive indices of a ray with respect to the various 
media. Consequently each component of the light that 
proceeds from P will produce a separate image, in a separate 
position, and of its own proper colour. Moreover, the 
magnification also is a function of the refractive indices, and 
therefore the images formed by the component lights will all 
be of different sizes. 

These separate images are all formed on planes perpen- 
dicular to the axis, and one behind another. The image 
actually seen by the eye is the resultant of them, that is to 
say, the image obtained by their superposition. The central 



74 LENSES AND SYSTEMS OF LENSES. 

portion of it is colourless as ordinary light, for there every 
component plays its part. But towards the edge, in conse- 
quence - of the difference in the sizes and positions of the 
component images, one colour after another ceases to appear 
and the resultant image is seen surrounded with a rainbow-like 
border. 

So long as the image has this coloured edge, it is indefinite 
and unsatisfactory. We will endeavour to show whether it 
can be got rid of, and if it can, by what means and under 
what conditions. 

A lens, or system of lenses, which produces an image with 
a distinct border free from colour is said to be achromatic. 

121. The problem before us is simply this : — If an object 
be viewed through a lens or system of lenses, what conditions 
must the lens or lenses satisfy in order that the images formed 
by rays of two or more colours may be coincident. \ 

It is clear from what has been said that (i) the focus 
conjugate to a given point on the axis must be the same for 
two or more colours, and (ii) the magnification must be the 
same for two or more colours. 

It should be remarked that the refractive indices differ but 
slightly from one another and that they all lie within certain 
limits. 

122. We will. now express the conditions in an algebraical 
form, by means of the equations 

- = Au ■+ B . 

m 7 

_ Cu + D 
V ~ Au + B' 
The distances u, v being reduced depend on the distances 
refractive indices of the first and last media. In most Astro- 
nomical instruments these are both the same, and vary very 
little (under ordinary circumstances) for different colours. We 
shall therefore suppose u to be unaltered by the variation 
of the refractive index of the first medium, and v to vary 
only by reason of the indices contained in A, B ) C } D. 
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123. Considering the second requirement, we have 

- = Au + B: 

m ' 

therefore 8 ( — 1 = u&A + 8jB, 

u being constant, and the symbol 8 expressing variation due to 
variations in the values of the /x's. 

If the magnification be the same for all, then 



a-. 



therefore uSA + SB]= 0. 

This must be true for all values of u, 

therefore 8-4 = 0) ... 

and 8B = 0J " W# 

These are the conditions that the different coloured images 
may be all of the same size. 

124. We will now consider the other requirement, that 

the images be formed all in the same place. 

We have 

Cu + D 

V ~Au + B* 

and we have to find the condition that v may remain the same 
while A, B, 0, and D undergo small variations. This 
condition gives us 

But, from Art. 123, 

Au\ i? = const. ; 

therefore 8(Cw + D)=0; 

therefore uB C + 8 D = 0. 

This must be true for all values of u ; 

therefore 80=0) ,.. % 

8Z> = 0| {H) - 

These are the conditions that the component images may 
be all in the same plane. 



&«. 
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125. If we combine the results of Arts. 123 and 124 we 
see that both requirements will be satisfied if 

8A = 8B=8C=8D=0 (iii). 

The quantities A ) B, (7, D however are connected by the 
relation 

AD-5C = -1, 

and the four conditions contained in (iii) are not all 
independent. 

The necessary and sufficient conditions for achromatism are 

8-4 = 85=80 = 0, 

or 8.4 = 8(7= 827 = 0, 

or 8£=8<7 = 8J9 = 0. 

126. If it be required that the system shall be achromatic 
only for a particular value of u, we must eliminate u between 
the two equations 

u8A + 8B=0) 
u8<7+8J9=0j ' 

therefore the sufficient condition is 

8D ' SB 



SO" SA 



= — u. 



127. In Art. 177 and in subsequent Articles of Parkinson's 
Optics the problem of achromatism is considered in two ways, 
according as the pencil passes centrically or excentrically. 
These methods are important in such an instrument, for 
example, as the telescope. 

128. The former case may be considered by the methods 
which we have just explained. 

When the pencil passes centrically through the system, all 
the conjugate foci lie upon the axis, and our object is gained 
if we make as many as possible of these coincide. 
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The condition is 



But v = 



8t; = 0. 
Cu+D 



Au + B> 

therefore {uhA + SB) ( Cu + D) «= {-4w + E) {uS C+SD); 
therefore u % [A.hC- C.SA) +u{ A.SD+ B.B C-D.hA- C.SB) 

+B.$D-D,8B =0. 

129. The case of excentrical refraction can best be 
considered by the method given in Parkinson's Optics^ 
Art. 180. We may however obtain a similar result by 
making ' 

8-4' = 0, 

where A' is the power of the quasi-equivalent lens, that is, 
the lens which would produce the same deviation as the 
system does in a ray initially inclined and not parallel to 
the axis. An expression for A' may be obtained in a way 
similar to that in Art. 117. 

130. The quantities 8-4, SB, &c, may be determined as 
follows. We have 

where — *„ — 1 % , ... denote the reduced distances between the 
vertices of the surfaces ; therefore 

, Also 



Pl 




/*. 


t 


*t 









where -*',, — $' t , ... are the absolute distances between the 
vertices. 
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Therefore S Pp = -8 (^ - ^,) 

P 

p 



&.- s 



© 



= _ a S/l 



>*, 



*p • 

P'p 

In this way we may get Sp„ &„ &c. ; hence, by substi- 
tution, we get 8 A in terms of 8fi l} ..., &c. 

131. Considering a single thick lens of refractive index fi 
and thickness — a, and supposing the external air to be of 
constant index 1, we have 

where p = , p = -, * = -. 

Hence 8 A = ( 1 + p t) 8p x + (1 + />,*) 5p t + p x p % 8„ 
and op = — , op.= — -, 5* = T . 

ri ^ i r% r ^i yj* 

The condition &4 = gives us 

\ r t p) r x \ r, Ji) r 9 

(a — 1)* a8a . 

2 _ i . "- 1 ^L { 2 -fc2)U (i). 

Again J? = 1 + p,£. 

Calculating the variation of B in the same manner, and 

making it equal to zero, we get either a = 0, or - = 0, 



or -=0. 
A* 



r i 
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In the first case the two radii must be equal in order 
to satisfy (i), and the lens ceases to be of any optical 

value. The second case — = needs - to be zero also, 

t r 

with the same result as before. Lastly, - = is an im- 
possibility. Our conclusion therefore is that a single lens 
cannot be achromatic. 
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CHAPTER V. 

THE DETERMINATION OF THE FOCI AND OP THE PRINCIPAL. 
POINTS OF A SYSTEM OF LENSES. THE NODAL POINTS. 

132. To determine theoretically the positions of the Foci 
and of the Principal Points of a lens or system of lenses. 

Conjugate Foci lying upon the axis are connected with 
one another by the relation 

•£+^' = 1 (i), 

where sc, x are the distances of the conjugate points from 
the Principal Points 27, 27' respectively. 

Let us take any point on the axis of the system, 
and use it as an origin from which all our distances may 
be reckoned; and let F y F\ 27, 27' be the distances from 
it of the Principal Foci and the Principal Points respec- 
tively. 

The above relation may now be written in the form 

H- F , H'-F ' , .... 

H-Z H'-P w » 

where £, f ' are the distances from of any pair of con- 
jugate points. 

We have shown, in Art. 113, how to determine the 
position of the point conjugate to a given one. If therefore 
we take any four points on the axis, and determine the 
positions of the four points respectively conjugate to them, 
we get four simultaneous values of £ and £'. These, when 
substituted successively in (ii), give us four independent 
equations for the determination of the four unknown quan- 
tities F y F'j 27, 2Z'. Thus are found the positions of the 
Principal Foci and also of the Principal Points. 
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133. To determine experimentally the positions of the Foci 
of a lens or system of lenses. 

We will suppose that, in the following figure, A is a 
micrometer or a frame holding two spider lines erossing 
one another, C a stand supporting a telescope, and that B 
supports a cylinder enclosing the system of lenses. Moreover 
A, B, and are supposed to be moveable by the hand or by 
means of screws to and fro along the graduated bar MK f 
and also to be so adjusted that the micrometer, the lenses, 
and the telescope have the same axis (fig. 22). 

FIC.22. 
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Let the telescope be turned first towards a distant object, 
and then accurately focused. The rays from the distant 
object are approximately parallel, and the image will be 
formed at the Principal Focus of the telescope. 

When this has been done, the telescope must be placed 
on the stand C so that the micrometer A may be viewed 
through the system of lenses; the micrometer must them 
be moved to and fro along the graduated bar until 
the image of it, seen through the system of lenses and 
the telescope, becomes clear and distinct. Now this image 
is seen through a telescope whieh has been focused upon 
a distant object, hence we know that the image of the 
micrometer can be distinct only when the rays that fall 
upon the object glass of the telescope are parallel to the 
axis. Consequently the rays that emerge from the cylinder 
B must be parallel to the axis. Therefore the micrometer 
A must be at one of the Principal Foci of the lens-system. 
The Focus is thus determined in position. 

G 
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We have still to measure its distance from the nearest 
surface of the system. This might be done by moving 
the micrometer along the graduated bar until it came into 
contact with the surface, and then taking the difference of 
the readings in the two positions given by the scale. There 
is however a practical difficulty in ascertaining the exact 
moment of contact, and this method consequently leads to 
an unsatisfactory result. The distance between the micro- 
meter and the nearest surface may be measured more 
accurately by a simple optical contrivance. 

For this purpose let the telescope be focused upon some 
near object whose distance is greater than that which we 
have to measure; and let the telescope be removed to 
the other end of the bar so that the micrometer may be 
between it and the lens-system. If when this has been 
done the telescope be moved along the graduated bar until 
first the micrometer, and then the dust on the face of the 
lens be in focus successively; and if the scale be read for 
these two positions of the telescope, the difference between 
the readings will give us the distance between the micro- 
meter and the face of the lens-system with tolerable accuracy. 
The micrometer being at a focus of the system, we thus get 
the distance of the focus from the surface nearest to it. 

134. To determine the positions of the Principal Points 
when the Foci are known. 

If d and d be the distances from the Foci of any two 
conjugate points on the axis, and if / be the distance of 
a Focus from the corresponding Principal Point, we have 

dd' =/*. 

It has been shown how d and d' may be determined; 
hence the above equation enables us to determine /, and 
consequently the positions of H and H'. 

135. In order that the method described above may 
be a directly practical one, it is necessary that the 
lens-system should be a convex lens or equivalent to a 
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convex lens. Otherwise no real images will be formed 
by it. 

If the lens-system itself gives a real image, the method 
can be applied at once. But if it does not, it can be 
made to do so by combining with it a known convex lens 
of sufficient power. The method may then be applied to 
the joint-system, and by making allowance for the effect 
of the known convex lens, the proper result for the original 
system can be deduced from the one thus obtained. 

136. The Principal Points, introduced by Gauss, have 
been supplemented by two other points which Listing intro- 
duced and called Nodal Points. They are principally of 
importance when the extreme media are not the same. 
This is found to be the case in the human eye. 

The Nodal Points are situated upon the axis of the 
lens-system, and are conjugate to one another. Their dis- 
tinguishing property is that an incident ray through one 
will produce an emergent ray in a parallel direction passing 
through the other. 

When the extreme media are the same, We have seen 
that this is a property of the Principal Points. Hence in 
this case the Principal Points and the Nodal Points coincide. 

When there is only one refracting surface we might call 
its centre of curvature the Nodal Point, for we know that 
an incident ray which passes through the centre of curvature 
crosses the surface without deviation. 

137. To determine the positions of the Nodal Points. 

Let J7, H\ F y F f be the Principal Points and Foci of 
a lens-system, and let T be any point on the Focal Plane 
through F (fig. 23). 

We know that a ray through T parallel to the axis^ 
and meeting the Principal Planes at a, a' respectively, will 
on emergence pass through F\ Moreover, since T is a 
point in a focal plane, its conjugate is onr a plane at an 
infinite distance, and therefore all rays from it will on 

G2 
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FIG. 23 




emergence be parallel to one another. They will therefore 
all be parallel to o!F\ 

Hence if 7J3 meet the first Principal Plane at /S, and 
if #8' drawn parallel to the axis meet the other Principal 
Plane at /S', then &'N' drawn parallel to a'F' will be the 
emergent ray produced by the incident ray T0. 

Let T/3 produced and the corresponding emergent ray 
meet the axis of the system at the points N^ N' respectively. 

Then we see from the figure that the triangles TFN 
and a'H'F' are equal in all respects; therefore 

FN= H'F' = constant. 

Hence the position of N is independent of the position 
of T] therefore N is a fixed point, and its distance from 
F is equal to the second focal distance. 

In a similar way it may be shown that 

F'N' = FH] 

therefore N* also is a fixed point independent of T, and 
is at a distance from F' equal to the first focal distance. 

The points N and N' are clearly the Nodal Points 
referred to in Art. 136. 

138. If the extreme media be the same, the two focal 
distances are equal ; hence, as we have already noticed, the 
points N and N' coincide with H and H '. 

139. From the figure we have also 

NN' = fi ff = HE '. 
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Hence the distance between the Nodal Points is equal 
to the distance between the Principal Points. 

140. We have also 

EN=H'N' = H'F'-HF. 

141. When the Nodal Points have been determined, 
we may with their help very readily determine the direc- 
tion of the emergent ray produced by a given incident 
ray, and also the position of a point conjugate to a given 
one (fig. 24). 

FIG. 24. 




With the usual notation we will suppose XTol to be 
an incident ray meeting the Focal Plane through F at T. 
Join TN. Let aa' parallel to the axis meet the second 
Principal Plane at a'. Through a' draw a'T'X' parallel 
to TN. Then a'T'X' is the direction of the emergent ray 
produced by the incident ray JETa, and X, X' are a pair 
of conjugate points. 

Otherwise: Draw N'T' parallel to XTa and meeting 
the Focal plane through F' at the point T ; then dT is 
the direction of the .emergent ray. 

If an object lens be situated on the Nodal Plane through N 
its image will be situated on the Nodal Plane through N\ 
and it may easily be proved that the linear dimensions of 
object and image are to one another inversely as the indices 
of refraction of the first and last media. 



( 86 ) 



CHAPTER VI. 

THE DIFFERENT FORMS OF LENSES. 

142. We will now apply some of the results of Chapter II 
to determine the positions of the Principal Points and Foci 
for the five most important forms of the simple lens. 

We will consider, (1) a double convex lens, (2) a piano* 
convex lens, (3) a double concave lens, (4) a plano-concave 
lens, (5) a meniscus; and finally we will consider (6) the 
case of two mirrors placed upon the same axis, and facing 
one another, in such manner as we find in Gregory's and 
Cassegrain's telescopes. 

143. In Arts. 55 and 64, it was shown that the distances 
of the Foci and of the Principal Points from the vertices 
pf the lens are given by the formulas 

AF— £ =- " + 1 



AF' = 4 



A pat + p ■+ a ' 

C tp + l 



AH = 



AW 



A pat + p + a' 

\-B ta ■ 

A " pat + p + a f 

(7-1 tp 



A pat + p + a " 

We will now suppose the refractive index of the outside 
medium to be unity, and that of the substance of the lens 

to be /a. The values of p and a become therefore **~ - 
and respectively. 
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Also for the reduced thickness — t we will substitute its 

value, , in terms of the absolute thickness. 

/* 

When the expressions have been simplified we find that 
AF = -f*rs + [fi-l)tr 



A'F' = 
AH = 

A'H' = 

and consequently 
HF = 



(/*- 


l){fi(s-r)- 


•(/*- 


•I)*}' 




ftrs + (/»—] 


l)te 




(/*- 


•l){/*(5-r)- 


-(/*- 


■1)4' 




tr 


t' 




/*(* 


-rj-^-l) 






te 


{' 




/*(» 


-r)-(M- 1); 






— firs 




* 



(/i-l){,i(*-r)-QK-l)*}- 



These formulae belong to such a lens as is described in 
fig. 14, which we have chosen for our standard. To obtain 
the corresponding formulae for any one of the particular 
forms, we have merely to make the proper changes in the 
signs of the radii r and s. 

We shall assume, and the assumption is practically 
correct, that r and s are both greater than the thickness 
of the lens. 

We may now proceed to consider the six cases in turn. 

144. Case I. A double convex lens. 

In this case s is negative, and we must therefore change 
the sign of s in the formulas given above. 

We see then, — t being a positive quantity, that AH is 
positive and A'H' negative, and that both are numerically 
less than the thickness of the lens. Consequently both the 
Principal Points are situated within the material of the lens. 

Also, since the sum of the distances AH and A'H' con* 
sidered numerically is found to be greater than the thickness, 
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it follows that the points A y A\ 27, jET, are disposed in 
the order 

A, H\ H, A'. 

The focal length of the lens is negative, therefore the 
focal length of the equivalent lens is negative. Conse- 
quently a double-convex lens is a convergent one; that is 
to say, the deviation of any ray passing through it will 
be in the direction of the axis. 

145. Case II. A Plano-convex lens. 
In this case one of the radii, r suppose, is infinite; and 
the other s is negative. The formulae therefore become 

p. (/A-l) 

A'F' = * 



AH = --, 

A'H' = 0. 

The Principal Points are therefore situated, one at the 

vertex of the curved surface, and the other in the interior 
of the lens. 

The focal length is given by 

HF=^L, 

and this is also the focal length of the equivalent lens. 
Hence the lens is convergent. 

■ 

146. Case III. A double concave lens. 

In this case r is negative. Hence we see that AH is 
positive and less than the thickness; so that the point H 
lies within the substance of the lens. Similarly H' also 
must lie within the lens. 

Again AH + A'H' is numerically less than f, therefore 
the points A, A\ H } H' are disposed in the order 

A, H % H' y A 1 . 
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Also we see from the formulas that AF is positive and 
A'F' negative, so that F lies on the side of the lens farther 
from A, or in other words behind the lens, and the point F' 
in front of the lens. 

We should notice too, that in this case the points F and 
F' are only virtual foci, whereas in the case of a double- 
convex lens the foci are real. 

Lastly, the focal length of the lens itself, and therefore 
of the equivalent lens, is positive. Therefore the lens is 
•divergent. 

147. Case IV. A plano-concave lens. 

This case may be treated in the same way as Case II. 
We must put r = go , s being positive. 

We then find that one Principal Plane is at the vertex 
of the curved surface, and the other within the lens. Also 
that the foci are virtual, and the lens divergent. 

148. Case V. A meniscus. 

This form of lens is represented in fig. 14, which is 
our standard form. The corresponding formulae are those 
given in Art. 143- 

We see therefore that the focal length will be positive 
or negative according as 



-#£ 



(P-1) 



x thickness. 



This is also the condition that, for parallel rays, the foci 
may be virtual or real respectively. 

For the case of the meniscus, which has its concavity 
turned the other way, we must change the signs of both 
r and s in the standard formulas. 

149. Case VI. Two coaxal mirrors. 

We will suppose that two concave mirrors are situated 
upon the same axis, and face one another as in Gregory's 
telescope. 

The positions of the fundamental points may be deter- 
mined from our standard formulas, by changing the sign of *, 
and putting /& = — 1. 
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Thus we get 





2 (r + 8 + 2t) ' 


A'F' 


- rs - 2ts 


jol jj 


~2(r + « + 20 > 


AH 


tr 


Jri i 1 


~ r + 8 + 2t' 


A'H' 


-t8 

~~ r + s±2t* 


k 


- 1 r8 



and the focal length _ , 

r + « + 2t 

In the same way as before it may be shown that the 
Principal Points are disposed in the order 

A B, H\ A', 

and that the equivalent lens is negative. 

The system of mirrors in Cassegrain's telescope may 
be treated in the same manner. 
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APPENDIX. 

PBOPERTEES OF CONTINUED FBACTION3. 

1. The property which we have quoted in Art. 94, 
namely, that the last denominator of the continued fraction 

1 J 1_ 1_ 

is equal to the last denominator of the continued fraction 

1111 

may be found in VorUsungen uber Zahlen Theorie von 
P. G. Lejeune Dirichlet. 

2. Let a, b be any two quantities, and 7, S, e, ... \, ji } v 
a series of any other quantities. 

Let us from these form another series 

O, C?j €, ... Z, TWj 71, 

such that these latter quantities are connected with the 
former by the relations 

c= 76 + a 

e= srf +c ) (1). 



n = m + Z 
From the first and second of the relations we get 

rf=8( 7 6 + a)+6 
= (87+l)i + 8a. 
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Substituting this value of d in the third we get 

e = s [(By + 1) b + 8a] + yb + a 

= (e&y + e + 7) b + (eS + 1) a. 

Hence, continuing the substitution, we get eventually 

n = Ga+Hb (2), 

where G and H are functions of 7, 8, e, ... X, ft, v, and 
are independent of a and 6. 

We will denote H by <f> (7, 8, e, ... X, ft, f), and we 
may then write (2) in the form 

n = Ga^<f>(y ) 8, e, ... X, fi } v) b (3). 

If we were to consider only the quantities 6, c, rf, ... n 
in the one series, and 8, e, ... X, ft, v in the other, we 
should in a similar way obtain the relation 

n = G'b -f <f> (8, e, ... X, ft, v) c. 

Substituting now 76 + a for c, we get 

n = G'6 + (76 + a) <f> (8, e, ... X, /a, v) 

= $(8, e, ...X, ft, y)a + {6r' + 7.$(8, e, ...X, f*, v)} 6.. .(4). 

If the expressions for n in (3) and (4) be compared, it 
will be obvious that 

G = <f> (8, e, . . . X, fi f v) ; 
and therefore, by analogy, 

G' = <f> (e, ... X, /a, v). 
From (3) and (4) we also get 

H = #' + 7.^(8, e, ... X, ft, v). 

Hence, substituting in this equation the expressions 
already obtained for H and G\ we get 

^(7,8,e,...\ > /A,F)=7.^(8,e,...X,f4,v) + ^(8,...X,f*,F)...(5). 
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Again, if we put a = 0, 6 = 1, in the last three of the 
relations (1), we get 

* = <M7? 8, e, ... X, fi } v), 

Z = ^(7, 8, e, ...X); 

and if we substitute these expressions for n, m 7 and ?, in 
the relation 

w = vm H- 7, 
we get 

<£ (7, 8, e, . . .X, fij v) = v.£ (7, 8, e, . . .X, fi) + <£ (7, 8, e, . . .X) . . .(6). 

But from (5) we have 

^(v,/x,X,...e, 8,7)=v.^(ft, X,...e, 8,7)+^(X, ...6, 8,7)...(7). 

Hence, it is clear by a comparison of (6) and (7) that, 
if we can prove that 

4> (7i s , e, ... X, fi) = <f> (fij X, ... e, 8, 7), 

and that #(7, 8, e, ... X) = £ (X, ... e, 8, 7), 

it will follow at once that the same property holds if we 
consider an additional quantity v ; that is to say, we shall 
thus prove that 

<f> (7, 8, e, ... X, p, v) = $ (v, fij X, ... e, 8, 7). 

But we have already shown that 

£(7,S) = 7 S+l = *(8,7)i 
and that <f> (7, 8, e) = eSy + e + 7 = <f> (e, 8, 7). 

Hence, it follows by induction that the general theorem 
is true; namely, that 

<f> (7, 8, e, ... X, /*, y) = $ (v, p, X, ... s, 8, 7), 

however many there may be of the quantities 

7, 8, e, ...X, /a, v. 

It will be seen that the relations (1) are those which 
hold between the denominators of successive convergents 
to a continued fraction, and that the theorem here proved 
is the first of those quoted in Art. 94. 
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3. We have also 
J v £ (7, 8, h — \ t>> y) = j v 4> (", Mj \ — s, 8, 7) 



= x{ v -*(^V- e j S )7)+0( x r- g i S >7)} 



= ^(M, X,...e, 8,7) 



.(1). 



In a similar manner we get 

t^(7j 8,e,...\,/i) =-^0(^,X,...e, 8,7) 

= 0(\, ...6,8,7) 

= 0(7, 8, e, ...\). 
Therefore 



^r^ ^ (7) *, h — *> M, f) = ^ (7, 8, e, ... X)....(2). 
These are the other theorems qnoted in Art. 94. 



4. In the two preceding articles the theorems have been 
considered in a general form, but they may be proved 
very readily by considering the value of A expressed as 
a determinant. 

We have for n surfaces 

^ = - - A>t5 " 1, 0, 0, 0, 
1,-^,-1, 0, 0, 

0, 1, -ft, -1, 0, 
0, 0, !,-*„ -l, 



, h -'„-„ - 1 
1 > -P* 
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And we may show by an even number of transferences 
of columns and lines that the above determinant 



-/> . -1 



1 








- 1 _„ - 1 



"«-i> 



1 , - 



0, 



J 

Pn-H 

1 , 





1 



1 



o, 
o, 

0. 



-t 



«-IJ 



-1 



1, -ft 



an equality which proves Theorem I. 

5. Again we know by definition and analogy that 



B = - 



-<„ -1, 0, 0, 

l|-ft,-l» 0, 
0, !,-<„-!, 



dA 
d Pt ' 



Similarly 



and 



•i li 



1 , -ft. 



C = 



D = 



dA 

d*A 
dp t dp n ' 
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Agamemnon. 
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Eumenides. 
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Prometheus Vinctus. 
Septem contra Thebas. 
ARISTOPHANIS Comoediae quae supersunt cum perditarum fragmentis 
tertiif ouris, recognovit additis adnotatione critica, summariis, descriptione 
metrica, onomastico lexico hubertus a. holden, ll.d. [late Fellow of 
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Equites, is. 6d. 
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Vespae, zs. 
Pax, zs. 
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— The Peace. A revised Text with English Notes and a Preface. By 
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— The Acharnians. A revised Text with English Notes and a Preface. 

By F. A. PALEY, M.A., LL.D. Post 8vo, 2s. 6d. [Pub. Sch. Ser. 

— The Frogs. A revised Text with English Notes and a Preface. By F. a. 

paley, M.A., LL.D. Post 8vo, zs. 6d. [Pub. Sch. Ser. 

CAESAR De Bello Gallico. Edited by george long, m.a. New edition. 
Fcap. 8vo, 4J. 

Or in parts, Books I.-IIL, ix. 6d. ; Books IV. and V., ix. 6d. ; Books 
VI. and VII., is. 6d. [Gram. ScA. Class. 

— De Bello Gallico. Book I. Edited by GEORGE long, m.a. With 

Vocabulary by w. F. R. shilleto, M.A. is. 6d. [Lower Form Ser. 

— De Bello Gallico. Book II. Edited by george long, m.a. With 

Vocabulary by w. F. R. shilleto, M.A. Fcap. 8vo, is. 6d. 

[Lower Form Ser. 

— De Bello Gallico. Book III. Edited by george long, m.a. With 

Vocabulary by w. F. R. shilleto, m.a. Fcap. 8vo, is. 6d. 

[Lower Form Ser. 

— Seventh Campaign in Gaul. B.C. 52. De Bello Gallico, Lib. VII. 

Edited with Notes, Excursus, and Table of Idioms, by rev. w. cook- 
worthy compton, m.a., Head Master of Dover College. With 
Illustrations from Sketches by E. T. compton, Maps and Plans, znd 
edition. Crown 8vo, zs. 6d. net. 

" A really admirable class book." — Spectator. 

"One of the most original and interesting books which have been 
published in late years as aids to the study of classical literature. I think 
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it gives the student a new idea of the way in which a classical book may 
be made a living reality." — Rev. J. E. C. tVelldon, Harrow. 

— Easy Selections from the Helvetian War. Edited by a. m. m. sted- 

man, m.a. With Introduction, Notes and Vocabulary. i8mo, is., 

[Primary Classics. 

CALPURNIUS SICULUS and M. AURELIUS OLYMPIUS 

NEMESIANUS. The Eclogues, with Introduction, Commentary, 

and Appendix. By c. H. keene, m.a. Crown 8vo, 6s. 

CATULLUS, TIBULLUS, and PROPERTIUS. Selected Poems. 

Edited by the rev. a. h. wratjslaw, late Head Master of Bury St. 

Edmunds School, and F. N. sutton, b.a. With Biographical Notices ol 

the Poets. Fcap. 8vo, 2s. 6d. [Gram. Sch. Class. 

CICERO'S Orations. Edited by G. long, m.a. 8vo. [Bib. Class. 

Vol. I.« — In Verrem. $s. 

VoL II. — Pro P. Quintio— Pro Sex. Roscio — Pro Q. Roscio— Pro M. 
Tullio — Pro M. Fonteio— Pro A. Caecina — De Imperio Cn. Pompeii — 
Pro A. Quentio — De Lege Agraria — Pro C. Rabirio. &r. 
Vols. III. and IV. Out of print. 

— De Senectute, De Amicitia, and Select Epistles. Edited by george 

LONG, M.A. New edition. Fcap. 8vo, $s. [Gram. Sch. Class. 

— De Amicitia. Edited by george long, m.a. Fcap. 8vo, ix. 6d. 

[Camb. Texts with Notes* 

— De Senectute. Edited by george long, m.a. Fcap. 8vo, is. 6a*. 

[Camb. Texts with Notes. 

— Epistolae Selectae. Edited by george long, m.a. Fcap. 8vo, is. 6a\ 

[Camb. Texts with Notes. 

— The Letters to Atticus. Book I. With Notes, and an Essay on the 

Character of the Writer. By a. preTor, m.a., late of Trinity College, 
Fellow of St. Catherine's College, Cambridge. 3rd edition. Post 8vo, 
AS. 6d. [Pub. Sch. Ser. 

CORNELIUS NEPOS. Edited by the late rev. j. f. macmichael, 
Head Master of the Grammar School, Ripon. Fcap. 8vo, 2s. 

[Gram. Sch. Class. 

DEMOSTHENES. Edited by R. whiston, m.a., late Head Master of 

Rochester Grammar School. 2 vols. 8vo, &r. each. [Bib. Class. 

Vol. I. — Olynthiacs — Philippics — De Pace — Halonnesus— Chersonese 

.^ — Letter of Philip — Duties of the State — Symmoriae — Rhodians — Mega- 

lopolitans — Treaty with Alexander — Crown. 

Vol. II. — Embassy — Leptines — Meidias — Androtion — Aristocrates— 
Timocrates — Aristogeiton. 

— De Falsa Legatione. By the late R. shilleto, m.a., Fellow of St> 

Peter's College, Cambridge. Sth edition. Post 8vo, 6s. [Pub. Sch. Ser. 

— The Oration against the Law of Leptines. With English Notes. 

By the late B. w. beatson, m.a., Fellow of Pembroke College, yd 

edition. Post 8vo, y. 6d. [Pub. Sch. Ser. 

EURIPIDES. By F. a. faley, m.a., LL.D. 3 vols. 2nd edition, revised. 

8vo, 81. each. Vol. I. Out of print. [Bib. Class. 

Vol. II. — Preface — Ion — Helena — Andromache — Electra — Bacchae — 
Hecuba. 2 Indexes. 

Vol. III. — Preface — Hercules Furen%— Phoenissae — Orestes — Iphi- 
genia in Tauris — Iphigenia in Aulide — Cyclops. 2 Indexes. 
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EURIPIDES. Electra. Edited, with Introduction and Notes, by c. H. 

keene, m.a., Dublin, Ex- Scholar and Gold Medallist in Classics. Demy 

8vo, 10s. 6d. 
— Edited by F. a. paley, m.a., ll.d« 13 vols. Fcap. 8vo, is. 6d. each. 

[Camb. Texts with Notes. 



Phoenissae. 
Troades. 

Hercules Furens. 
Andromache. 
Iphigenia in Tauris. 
Supplicea. 



Alcestis. 
Medea. 
Hippolytus. 
Hecuba. 
Bacchae. 
Ion (2s.). 
Orestes. 

HERODOTUS. Edited by rev. J. w. blakesley, b.d. 2 vols. 8vo, 12s. 

[Bib. Class. 

— Easy Selections from the Persian Wars. Edited by a. g. liddell, 

m.a. With Introduction, Notes, and Vocabulary. i8mo, 15. 6a\ 

[Primary Classics. 

HESIOD. Edited by F. A. paley, m.a., LL.D. 2nd edition, revised. 8vo, $s. 

[Bid. Class. 

HOMER. Edited by F. A. paley, m.a., LL.D. 2 vols. 2nd edition, 
revised. 14s. Vol. II. (Books XIII. -XXIV.) may be had separately. 6>. 

[Bid. Class. 

— Iliad. Books I. -XII. Edited by F. A. paley, m.a., ll.d. Fcap. 8vo, 

4s. 6d. 
Also in 2 Parts. Books I. -VI. 2s. 6d. Books VII. -XII. 2s. 6d. 

[Gram. Sch. Class. 

— Iliad. Book I. Edited by F. A. paley, m.a., ll.d. Fcap. 8vo, is. 

[Camb. Text with Notes. 

HORACE. Edited by rev. A. J. macleane, m.a. 4th edition, revised by 
george long. 8vo, &s. [Bib. Class. 

— Edited by A. j. macleane, m.a. With a short Life. Fcap. 8vo, y. 6d. 

Or, Part I., Odes, Carmen Seculare, and Epodes, 2s. ; Part II., Satires, 
Epistles, and Art of Poetry, 2s. [Gram. Seh. Class. 

— Odes. Book I. Edited by A. J. macleane, m.a. With a Vocabulary 

by a. h. dennis, m.a. Fcap. 8vo, is. 6d. [Lower Form Ser. 

JUVENAL: Sixteen Satires (expurgated). By Herman prior, m.a., 
late Scholar of Trinity College, Oxford. Fcap. 8vo, 3;. 6d. 

[Gram. Sch. Class. 

LIVY. The first five Books, with English Notes. By j. prendeville. 
A new edition revised throughout, and the notes in great part re- written, 
by J. h. freese, m.a., late Fellow of St. John's College, Cambridge. 
Books I. II. III. IV. V. With Maps and Introductions. Fcap. 8vo, 
is. 6d. each. 

— Book VI. Edited by £. s. weymouth, m.a., Lond., and g. f. Hamilton, 

b.a. With Historical Introduction, Life of Livy, Notes, Examination 
Questions, Dictionary of Proper Names, and Map. Crown 8vo, 2s. 6d. 

— Book XXI. By the rev. l. d. dowdall, m.a., late Scholar and Uni- 

versity Student of Trinity College, Dublin, B.D., Ch. Ch. Oxon. Post 
8vo, 2s. [Pub. Sch. Ser. 

— Book XXII. Edited by the rev. l. d. dowdall, m.a., b.d. Post 8vo, 

2*. [Pub. Sch. Ser. 
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LIVY. Easy Selections from the Kings of Rome. Edited by a. m. m, 
stedman, M.A. With Introduction, Notes, and Vocabulary. i8mo, 
IX. 6d. [Primary Class. 

LUC AN. The Pharsalia. By c e. haskins, m.a., Fellow of St. John's 
College, Cambridge, with an Introduction by w. e. heitland, m.a., 
Fellow and Tutor of St. John's College, Cambridge. 8vo, 14s. 

LUCRETIUS. Titi Lucreti Cari De Rerum Natura Libri Sex. By 
the late H. A. J. MUNRO, m.a., Fellow of Trinity College, Cambridge. 
4th edition, finally revised. 3 vols. Demy 8vo. Vols. I., II., Introduc- 
tion, Text, and Notes, lSs. Vol. III., Translation, 6s. 

MARTIAL: Select Epigrams. Edited by f. a. paley, m.a., ll.d., 
and the late w. H. stone, Scholar of Trinity College, Cambridge. With 
a Life of the Poet Fcap. 8vo, 4s. 6d. [Gram. Sch. Class, 

OVID: Fasti. Edited by F. a. paley, m.a., LL.D. Second edition. 

Fcap. 8vo, 3*. 6d. [Gram. Sch. Class. 

Or in 3 vols, is. 6d. each [Grammar School Classics], or is. each [Comb. 

Texts with Notes], Books I. and II., Books III. and IV., Books V. 

and VI. 

— Selections from the Amores, Tristia, Heroides, and Metamor- 

phoses. By A. J. macleane, m.a. Fcap. 8vo, is. 6d. 

[Camb. Texts with Notes* 

— Ars Amatoria et Amores. A School Edition. Carefully Revised and 

Edited, with some Literary Notes, by j. Herbert Williams, m.a.,. 
late Demy of Magdalen College, Oxford. Fcap. 8vo, y. 6d. 

— Heroides XIV. Edited, with Introductory Preface and English Notes, 

by ARTHUR palmer, m.a., Professor of Latin at Trinity College, Dublin. 
Demy 8vo, 6s. 

— Metamorphoses, Book XIII. A School Edition. With Introduction 

and Notes, by charles haines keene, m.a., Dublin, Ex-Scholar and 
Gold Medallist in Classics, yd edition. Fcap. 8vo, 2s. 6d. 

— Epi8tolarum ex Ponto Liber Primus. With Introduction and Notes, 

by CHARLES HAINES KEENE, M.A. Crown 8vO, 3*. 

PLATO. The Apology of Socrates and Crito. With Notes, critical 
and exegetical, by wilhelm wagner, ph.d. 12th edition. Post 8vo,. 
y. 6d. A Cheap Edition. Limp Cloth. 2s. 6d. [Pub. Sch. Ser. 

— Phaedo. With Notes, critical and exegetical, and an Analysis, by 

wilhelm wagner, PH.D. 10M edition. Post 8vo, 5*. 6d. [Pub. Sch. Ser. 

— Protagoras. The Greek Text revised, with an Analysis and English 

Notes, by w. wayte, m.a., Classical Examiner at University College, 
London. *jth edition. Post 8vo, 4s. 6d. [Pub. Sch. Ser* 

— Euthyphro. With Notes and Introduction by G. H. wells, m.a.,. 

Scholar of St. John's College, Oxford ; Assistant Master at Merchant 
Taylors' School, yd edition. Post 8vo, 3/. [Pub. Sch. Ser. 

— The Republic. Books I. and II. With Notes and Introduction by 

G. H. wells, m.a. 4th edition, with the Introduction re-written. Post 
8vo, 5*. [Pub. Sch. Ser. 

— Euthydemus. With Notes and Introduction by G. H. wells, m.a. 

Post 8vo, 4s. [Pub. Sch. Ser* 

— Phaedrus. By the late w. H. Thompson, D.D., Master of Trinity College, 

Cambridge. 8vo, 5.*. [Bib. Class. 

— Gorgias. By the late w. h. Thompson, d.d., Master of Trinity College, 

Cambridge. New edition. 6s. [Pub. Sch. Ser. 
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PLAUTUS. Aulularia. With Notes, critical and exegetical, by w. 
wagner, PH.D. $th edition. Post 8vo, 4*. 6d. [Pub. Sch. Ser. 

— Trinummus. With Notes, critical and exegetical, by wilhelm 

wagner, FH.D. $th edition. Post 8vo, 4s. 6d. [Pud. Sch. Ser. 

— Menaechmei. With Notes, critical and exegetical, by wilhelm 

wagner, PH.D. 2nd edition. Post 8vo, 45". 6d. [Pub. Sch. Ser. 

— Mostellaria. By e. A. sonnenschein, m.a., Professor of Classics at 

Mason College, Birmingham. Post 8vo, 5*. [Pub. Sch. Ser. 

— Captivi. Abridged and Edited for the Use of Schools. With Intro- 

duction and Notes by J. H. freese, m.a., formerly Fellow of St. John's 
College, Cambridge. Fcap. 8vo, is. 6d. 
PROPERTIUS. Sex. Aurelii Propertii Carmina. The Elegies of 
Propertius, with English Notes. By F. A. paley, m.a., ll.d. 2nd 
edition. 8vo, 5*. 

SALLUST : Catilina and Jugurtha. Edited, with Notes, by the late 
george long. New edition, revised, with the addition of the Chief 
Fragments of the Histories, by j. G. frazer, m.a., Fellow of Trinity 
College, Cambridge. Fcap. 8vo, y. 6d. 9 or separately, 2s. each. 

[Gram. Seh. Class. 

SOPHOCLES. Edited by rev. f. h. blaydes, m.a. VoL I. Oedipus 

Tyrannus— Oedipus Coloneus — Antigone. 8vo, 8j. [Bib. Class. 

Vol. II. Philoctetes — Electra— Trachiniae — Ajax. By F. A. paley, 

m.a., ll.d. 8vo, dr., or the four Plays separately in limp cloth, 2s. 6d. 

each. 

— Trachiniae. With Notes and Prolegomena. By Alfred pretor, m.a., 

Fellow of St Catherine's College, Cambridge. Post 8vo, 4s. 6d. 

[Pub. Sch. Ser. 

— The Oedipus Tyrannus of Sophocles. By b. h. Kennedy, d.d., 

Regius Professor of Greek and Hon. Fellow of St. John's College, Cam- 
bridge. With a Commentary containing a large number of Notes selected 
from the MS. of the late T. H. steel, m.a. Crown 8vo, Ss. 
A School Edition Post 8vo, 2s. 6d. [Pub. Sch. Ser. 

— Edited by f. a. paley, M.A., ll.d. 5 vols. Fcap. 8vo, is. 6d. each. 

[Carnb. Texts with Notes. 
Oedipus Tyrannus. Electra. 

Oedipus Coloneus. Ajax. 

Antigone. 
TACITUS : Germania and Agricola. Edited by the late rev. p. frost, 
late Fellow of St. John's College, Cambridge. Fcap. 8vo, 2s. 6d. 

[Gram. Sch. Class. 

— The Germania. Edited, with Introduction and Notes, by R. f. davis, 

m.a. Fcap. 8vo, is. 6d. 
TERENCE. With Notes, critical and explanatory, by wilhelm wagner, 
ph.d. 3rd edition. Post 8vo, *js. 6d. [Pub. Sch. Ser. 

— Edited by wilhelm wagner, ph.d. 4 vols. Fcap. 8vo, is. 6d. each. 

[Camb. Texts with Notes. 
Andria. I Hautontimorumenos. 

Adelphi. | Phormio. 

THEOCRITUS. With short, critical and explanatory Latin Notes, by 
F. a. paley, m.a., ll.d. 2nd edition, revised. Post 8vo, 4s. 6d. 

[Pub. Sch. Ser. 
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THUCYDIDES, Book VI. By T. w. dougan, m. a., Fellow of StTohn's 
College, Cambridge; Professor of Latin in Queen's College, Belfast 
Edited with English notes. Post 8vo, 2s. [Pub. Sch. Ser. 

— The History of the Peloponnesian War. With Notes and a careful 

Collation of the two Cambridge Manuscripts, and of the Aldine and 
J untine Editions. By the late richard shilleto, m.a., Fellow of 
St Peter's College, Cambridge. 8vo. Book I. 6s. 6d. Book II. £r. 6d. 
VI ROIL. By the late professor conington, m.a. Revised by the late 
professor nettleship, Corpus Professor of Latin at Oxford. 8vo. 

[Bib. Class. 
Vol. I. The Bucolics and Georgics, with new Memoir and three Essays 
on Virgil's Commentators, Text, and Critics. 4th edition. 10s. 6a\ 
Vol. II. The Aeneid, Books I. -VI. 4th edition. 10s. 6d. 
Vol. III. The Aeneid, Books VII. -XII. yd edition. 10s. 6d. 

— Abridged from professor conington's Edition, by the rev. j. g. shep- 

pard, d.c.l., h. nettleship, late Corpus Professor of Latin at the 
University of Oxford, and w. wagner, PH.D. 2 vols. Fcap. 8vo, 
4J. 6d. each. [Gram. Sch. Class. 

Vol. I. Bucolics, Georgics, and Aeneid, Books I. -IV. 

Vol. II. Aeneid, Books V. -XII. 

Also the Bucolics and Georgics, in one vol. 3*. 

Or in 9 separate volumes (Grammar School Classics, with Notes at foot of page), 

price is. 6d. each. 



Bucolics. 

Georgics, I. and II. 
Georgics, III. and IV. 
Aeneid, I. and II. 
Aeneid, III. and IV. 

Or in 12 separate volumes (Cambridge Texts with Notes at end), pric$ 

is. 6d. each. 



Aeneid, V. and VI. 
Aeneid, VII. and VIIL 
Aeneid, IX. and X. 
Aeneid, XI. and XII. 



Bucolics. 

Georgics, I. and II. 
Georgics, III. and IV. 
Aeneid, I. and II. 
Aeneid, III. and IV. 
Aeneid, V. and VI. (price 2s.) 



Aeneid, Vll. 
Aeneid, VIII. 
Aeneid, IX. 
Aeneid, X. 
Aeneid, XL 
Aeneid, XII. 

Aeneid, Book I. conington's Edition abridged. With Vocabulary 

by w. F. R. shilleto, m.a. Fcap. 8vo, is. 6d. [Lower Form Ser. 

XENOPHON : Anabasis. With Life, Itinerary, Index, and three Maps. 

Edited by the late J. F. MACMICHAEL. Revised edition. Fcap. 8vo, 

$r. 6d. [Gram. Sch. Class. 

Or in 4 separate volumes, price is. 6d. each. 

Book I. (with Life, Introduction, Itinerary, and three Maps) — Books 
II. and IIL— Books IV. and V.— Books VI. and VII. 

— Anabasis, macmichael's Edition, revised by J. E. melhuish, m.a., 
Assistant Master of St. Paul's School. In 6 volumes, fcap. 8vo. With 
Life, Itinerary, and Map to each volume, is. 6d. each. 

[Camb. Texts with Notes. 
Book I.— Books II. and III.— Book IV.— Book V.— Book VI.— 
BookVIL 
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XENOPHON. Cyropaedia. Edited by G. m. gorham, m.a,, late Fellow 
of Trinity College, Cambridge. New edition. Fcap. 8vo, y. 6d. 

[Gram. Sch. Class. 
Also Books I. and II., is. 6d. ; Books V. and VI., is, 6d. 

— Memorabilia. Edited by percival frost, m.a., late Fellow of St. 

John's College, Cambridge. Fcap. 8vo, $s. [Gram. Sch. Class. 

— Hellenica. Book I. Edited by L. D. dowdall, m.a., b.d. Fcap. 8vo, 

2s. [Camb. Texts with Notes. 

— Hellenica. Book II. By L. D. dowdall, m.a., b.d. Fcap. 8vo, zs. 

[Camb. Texts with Notes. 

TEXTS. 

AESCHYLUS. Ex novissima recensione F. A. paley, a.m., ll.d. Fcap. 
8vo, 2 s. [Camb. Texts. 

CAESAR De Bello Gallico. Recognovit G. long, a.m. Fcap. 8vo, 
is. 6d. [Camb. Texts. 

CATULLUS. A New Text, with Critical Notes and an Introduction, by 
J. P. postgate, M.A., litt.d., Fellow of Trinity College, Cambridge, 
Professor of Comparative Philology at the University of London. Wide 
fcap. 8vo, 3J. 

CICERO De Senectute et de Amicitia, et Epistolae Selectae. Recen- 
suit G. long, A.M. Fcap. 8vo, is. 6d. [Camb. Texts. 

CICERONIS Orationes in Verrem. Ex recensione G. long, a.m. 
Fcap. 8vo, 2 j. 6d. [Camb. Texts. 

CORPUS POETARUM LATINORUM, a se aliisque denuo recogni- 
torum et brevi lectionum varietate instructorum, edidit Johannes perci- 
val postgate. Tom. I. — Ennius, Lucretius, Catullus, Horatius,Vergilius, 
Tibullus, Propertius, Ovidius. Large post 4to, 21s. net. Also in 2 Parts, 
sewed, 9*. each, net. 

# * # To be completed in 4 parts, making 2 volumes. 

CORPUS POETARUM LATINORUM. Edited by walker. Con- 
taining : — Catullus, Lucretius, Virgilius, Tibullus, Propertius, Ovidius, 
Horatius, Phaedrus, Lucanus, Persius, Juvenalis, Martialis, Sulpicia, 
Statius, Silius Italicus, Valerius Flaccus, Calpurnius Siculus, Ausonius, 
and Claudianus. I vol. 8vo, cloth, 181. 

EURIPIDES. Ex recensione F. a. paley, A.M., LL.D. 3 vols. Fcap. 
8vo, 2s. each. [Camb. Texts. 

Vol. I. — Rhesus — Medea — Hippolytus — Alcestis — Heraclidae — Sup- 
plices — Troades . 
Vol. II. — Ion — Helena — Andromache — Electra — Bacchae — Hecuba. 
Vol. III. — Hercules Furens — Phoenissae — Orestes — Iphigeniain Tauru 
— Iphigenia in Aulide — Cyclops. 

HERODOTUS. Recensuit J. G. blakesley, S.T.b. 2 vols. Fcap. 8vo, 
2s. 6d. each. [Camb. Texts. 

HOMERI ILIAS I. -XII. Ex novissima recensione F. A. paley, a.m., 
LL.D. Fcap. 8vo, ix. 6d. [Camb. Texts. 

HORATIUS. Ex recensione A. j. macleane, A.M. Fcap. 8vo, is. 6d. 

[Camb. Texts. 

JUVENAL ET PERSIUS. Ex recensione A. j. macleane, a.m. 
Fcap. 8vo, is. 6d. [Camb. Texts, 
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LUCRETIUS. Recognovit H. a. j. munro, a.m. Fcap. 8vo, 2s. 

[Camb. Texts* 
PROPERTIUS. Sex. Propertii Elegianim Libri IV. recensuit A. 

palmer, collegii sacrosanctae et individual Trinitatis juxta Dublinum- 

Socius. Fcap. 8vo, y. 6d. 
— Sexti Properti Carmina. Recognovit joh. percival postgate^ 

Large post 4to, boards, 3*. 6d. net. 
SALLUSTI CRISPI CATILINA ET JUGURTHA, Recognovit 

G. long, A.M. Fcap. 8vo, I J. 6d. [Camb. Texts. 

SOPHOCLES. Ex recensione F. a. paley, a.m., ll.d. Fcap. 8vo, 2s. (xL 

[Camb. Texts. 
TERENTI COMOEDIAE. gul. wagner relegit et emendavit. Fcap. 

8vo, 2s. [Camb. Texts. 

THUCYDIDES. Recensuit J. G. Donaldson, s.t.p. 2 vols. Fcap. 

8vo, 2s. each. [Camb. Texts* 

VERGILIUS. Ex recensione J. conington, a.m. Fcap. 8vo, 2s. 

[Camb. Texts. 
XENOPHONTIS EXPEDITIO CYRI. Recensuit J. P. macmichael. 

A.B. Fcap. 8vo, is. 6d. [Camb. Texts. 



TRANSLATIONS. 

AESCHYLUS, The Tragedies of. Translated into English verse bjr 
anna swanwick. 4M edition revised. Small post 8vo, $s. 

— The Tragedies of. Literally translated into Prose, by T. a. buckley, b. a. 

Small post 8vo, ys. 6d. 

— The Tragedies of. Translated by WALTER head LAM, if. A., Fellow of 

King's College, Cambridge. [Preparing. 

ANTONINUS (M. Aurelius), The Thoughts ol Translated by 
GEORGE LONG, M.A. Revised edition. Small post 8vo, y. 6d. 
Fine paper edition on handmade paper. Pott 8vo, 6s. 

APOLLONIUS RHODIUS. The Argonautica. Translated by E. p. 
coleridge. Small post 8vo, $s. 

AMMIANUS MARCELLINUS. History of Rome during the 
Reigns of Constantius, Julian, Jovianus, Valentinian, and Valens. Trans- 
lated by PROF. c. D. yonge, m.a. With a complete Index. Small post 
8vo, *]s. 6d. 

ARISTOPHANES, The Comedies of. Literally translated by w. j. 
hickie. With Portrait. 2 vols. Small post 8vo, $s. each. 
Vol. I. — Acharnians, Knights, Gouds, Wasps, Peace, and Birds. 
Vol. II. — Lysistrata, Thesmophoriazusae, Frogs, Ecclesiazusae, and 
Plutus. 

— The Acharnians. Translated by w. h. Covington, b.a. With Memoir 

and Introduction. Crown 8vo, sewed, is. 
ARISTOTLE on the Athenian Constitution. Translated, with Notes 
and Introduction, by F. G. kenyon, m.a., Fellow of Magdalen College, 
Oxford. Pott 8vo, printed on handmade paper. 2nd edition. 4*. 6d. 

— History of Animals. Translated by richard cresswell, m.a. Small 

post 8vo, 51. 
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ARISTOTLE. Organon : or, Logical Treatises, and the Introduction of 
Porphyry. With Notes, Analysis, Introduction, and Index, by the REV. 
o. F. owen, m.a. 2 vols. Small post 8vo, 3 j. 6d. each. 

— Rhetoric and Poetics. Literally Translated, with Hobbes' Analysis, 

&c, by T. buckley, b.a. Small post 8vo, $s. 

— Nicomachean Ethics. Literally Translated, with Notes, an Analytical 

Introduction, &c, by the Venerable archdeacon BROWNE, late Classical 
Professor of Kingps College. Small post 8vo, 5x. 

— Politics and Economics. Translated, with Notes, Analyses, and 

Index, by E. walford, m.a., and an Introductory Essay and a Life by 
DR. gillies. Small post 8vo, 5*. 

— Metaphysics. Literally Translated, with Notes, Analysis, &c, by the 

rev. john h. m'mahon, m.a. Small post 8vo, 5*. 

ARRIAN. Anabasis of Alexander, together with the Indica. Trans- 
lated by E. j. chinnock, m.a., LL.D. With Introduction, Notes, Maps,- 
and Plans. Small post 8vo, 55. 

C AE S AR. Commentaries on the Gallic and Civil Wars, with the Supple- 
mentary Books attributed to Hirtius, including the complete Alexandrian, 
African, and Spanish Wars. Translated by w. a. m'devitte, b.a. 
Small post 8vo, 5*. 

— Gallic War. Translated by w. A. m'devitte, b.a. 2 vols., with Memoir 

and Map. Crown 8vo, sewed. Books I. to IV., Books V. to VII., 

is, each. 
CALPURNIUS SICULUS, The Eclogues of. The Latin Text, with 

English Translation by E. j. L. SCOTT, m.a. Crown 8vo, y. 6d. 
CATULLUS, TIBULLUS, and the Vigil of Venus. Prose Translation. 

Small post 8vo, $s. 
CICERO, The Orations of. Translated by prof. c. d. YONGE, m.a. 

With Index. 4 vols. Small post 8vo, 5x. each. 

— On Oratory and Orators. With Letters to Quintus and Brutus. Trans- 

lated by the rev. j. s. watson, m.a. Small post 8vo, 5*. 

— On the Nature of the Gods. Divination, Fate, Laws, a Republic, 

Consulship. Translated by prof. c. d. yonge, M.A., and Francis 
barham. Small post 8vo, $s. 

— Academics, De Finibus, and Tusculan Questions. By prof. C. d. 

yonge, m.a. Small post 8vo, $s. 

— Offices ; or, Moral Duties. Cato Major, an Essay on Old Age ; Laelius, 

an Essay on Friendship ; Scipio's Dream ; Paradoxes ; Letter to Quintus 
on Magistrates. Translated by c. R. edmonds. With Portrait, 3*. 6d. 

— Old Age and Friendship. Translated, with Memoir and Notes, by 

g. h. wells, m.a. Crown 8vo, sewed, ix. 
DEMOSTHENES, The Orations of. Translated, with Notes, Arguments, 
a Chronological Abstract, Appendices, and Index, by c. rann Kennedy.- 
5 vols. Small post 8vo. 

Vol. I. — The Olynthiacs, Philippics, y. 6V. 

Vol. II. — On the Crown and on the Embassy. 5x. 

Vol. III. — Against Leptines, Midias, Androtion, and Aristocrates. $s. 

Vols. IV. and V. — Private and Miscellaneous Orations. 5*. each. 

— On the Crown. Translated by c. rann Kennedy. Crown 8vo r 

sewed, ix. 
DIOGENES LAERTIUS. Translated by prof. c. d. yonge, m.a^ 
Small post 8vo, 5x. 
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EPICTETUS, The Discourses of. With the Encheiridion sad 

Fragments. Translated by GEORGE LONG, M.A. Small post 8vo, £r. 
Fine Paper Edition, 2 vols. Poft 8vo, ioj. 6d. 
EURIPIDES. A Prose Translation, from the Text of Paley. By 

B. P. COLERIDGE, B.A. 2 vols., $S. each. 

Vol. I. — Rhesus, Medea, Hippolytus, Alcestis, Heraclidae, Snpplices, 
Troades, Ion, Helena. 

Vol. II. — Andromache, Electra, Bacchae, Hecuba, Hercules Furens, 
Phoenissae, Orestes, Iphigenia in Tauris, Iphigenia in Aulis, Cyclops. 

# # # The plays separately (except Rhesus, Helena, Electra, Iphigenia in 
Aulis, and Cyclops). Crown 8vo, sewed, is. each. 

— Translated from the Text of Dindorf By T. A. BUCKLEY, B.A. 2 vols. 

small post 8vo, $s. each. 
-GREEK ANTHOLOGY. Translated by GEORGE BURGES, M.A. Small 

post 8vo, 5^. 
HERODOTUS. Translated by the REV. henry CARY, m.A, Small post 

8vo, 3*. 6d. 

— Analysis and Summary of. By J. T. wheeler. Small post 8vo, $s. 
HESIOD, CALLIMACHUS, and THEOGNIS. Translated by the 

rev. j. banks, m.a. Small post 8vo, $s. 
HOMER. The Iliad. Translated by T. A. BUCKLEY, B.A. Small post 
8vo, $s. 

— The Odyssey, Hymns, Epigrams, and Battle of the Frogs and 

Mice. Translated by T. A. buckley, B.A. Small post 8vo, $s. 

— The Iliad. Books I. -IV. Translated into English Hexameter Verse, 

by henry smith wright, b.a., late Scholar of Trinity College, Cam- 
bridge. Medium 8vo, 5;. 
HORACE. Translated by Smart Revised edition. By T. A. BUCKLEY, 
b.a. Small post 8vo, 3s. 6d. 

— The Odes and Carmen Saeculare. Translated into English Verse by 

the late JOHN conington, m.a., Corpus Professor of Latin in the 
University of Oxford, nth edition. Fcap. 8vo. $s. 6d. 

— The Satires and Epistles. Translated: into English Verse by PROF. 

JOHN conington, m.a. &tk edition. Fcap. 8vo, 3s. 6d. 

— Odes and Epodes. Translated by sir Stephen e. de vers, BART. 

^rd edition, enlarged. Imperial l6mo. Js. 6d. net. 
I SOCRATES, The Orations of. Translated by J. H. freese, m.a., late 

Fellow of St. John's College, Cambridge, with Introductions and Notes. 

Vol. I. Small post 8vo, 5*. 
JUSTIN, CORNELIUS NEPOS, and EUTROPIUS. Translated 

by the rev. j. s. watson, m.a. Small post 8vo, 5*. 
JUVENAL, PERSIUS, SULPICIA, and LUCILIUS, Translated 

by L. evans, m.a. Small post 8vo, 5*. 
LIVY. The History of Rome. Translated by dr. spillan, c Edmonds, 

and others. 4 vols, small post 8vo, 5*. each. 

— Books I., II., III., IV. A Revised Translation by J. H. freese, M.A., 

late Fellow of St. John's College, Cambridge. With Memoir, and Maps. 
4 vols., crown 8vo, sewed, is. each. 

— Book V. and Book VI. A Revised Translation by E. s. WEYMOUTH, M.A., 

Lond. With Memoir, and Maps. Croun 8vo, sewed, is. each. 

— Book IX. Translated by Francis storr, b.a. With Memoir. Crown 

8vo, sowed, ix. 
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LUCAN. The Pharsalia. Translated into Prose by H. T. riley. Small 
post 8vo, 5^. 

— The Pharsalia. Book I. Translated by Frederick conway, m.a. 

With Memoir and Introduction. Crown 8vo, sewed, is. 
LUCIAN'S Dialogues of the Gods, of the Sea-Gods, and of the 

Dead. Translated by ho ward Williams, m.a. Small post 8vo, 5*. 
LUCRETIUS. Translated by the rev. j. s. watson, m. a. Small post8vo, 5*. 

— Literally translated by the late H. A. J. munro, m.a. 4th edition. Demy 

8vo, 6jt. 
MARTIAL'S Epigrams, complete. Literally translated into Prose, with 
the addition of Verse Translations selected from the Works of English 
Poets, and other sources. Small .post 8vo, Js. 6d. 
OVID, The Works of. Translated. 3 vols. Small post 8vo, 5*. each. 
Vol. I.— Fasti, Tristia, Pontic Epistles, Ibis, and Halieuticon. 
Vol. II. — Metamorphoses. With Frontispiece, 

Vol. III. — Ileroides, Amours, Art of Love, Remedy of Love, and 
Minor Pieces. With Frontispiece. 

— Fasti. Translated by H. T. riley, b. a. 3 vols. Crown 8vo, sewed, is. each. 

— Tristia. Translated by H. T. riley, b.a. Crown 8vo, sewed, is. 
PINDAR. Translated by dawson w. turner. Small post 8vo, $s. 
PLATO. Gorgias. Translated by the late E. M. cope, m.a., Fellow 

of Trinity College. 2nd edition. 8vo, *?s, 

— Philebus. Translated by F. A. paley, m.a., ll.d. Small 8vo, 4*. 

— Theaetetus. Translated by F. A. paley, m.a., ll.d. Small 8vo, 4s. 

— The Works of. Translated, with Introduction and Notes. 6 vols. Small 

post 8vo, $s. each. 

Vol. I. — The Apology of Socrates — Crito — Phaedo — Gorgias — Prota- 
goras — Phaedrus — Theaetetus — Eutyphron — Lysis. Translated by the 

REV. H. CARY. 

Vol. II.— The Republic— Timaeus— Critias. Translated by henry 

DAVIS. 

▼oh III. — Meno — Euthydemus — The Sophist — Statesman — Cratylus- 
— Parmenides — The Banquet. Translated by G. burges. 

Vol. IV. — Philebus — Charmides — Laches — Menexenus — Hippias — Ion 
— The Two Alcibiades — Theages — Rivals — Hipparchus — Minos — Cli- 
topho — Epistles. Translated by G. burges. 

Vol. V.— The Laws. Translated by G. burges. 

Vol. VI.— The Doubtful Works. Edited by G. burges. With General 
Index to the six volumes. 

— Apology, Crito, Phaedo, and Protagoras. Translated by the rev. h. 

cary. Small post 8vo, sewed, ix., cloth, is. 6d, 

— Dialogues. A Summary and Analysis of. With Analytical Index, giving 

references to the Greek text of modern editions and to the above transla- 
tions. By A. day, ll.d. Smallpost 8vo, 5-r. 
PLAUTUS, The Comedies of. Translated by H. t. riley, b.a. 2 vols. 
Small post 8vo, £r. each. 

Vol. I. — Trinummus — Miles Gloriosus — Bacchides — Stichus — Pseudolus 
— Menaechmei — Aulularia — Captivi — Asinaria — Curculio. 

Vol. II. — Amphitryon — Rudens — Mercator — Cistellaria — Truculentus 
— Persa — Casina — Poenulus — Epidicus — Mostellaria — Fragments. 

— Trinummus, Menaechmei, Aulularia, and Captivi. Translated by 

H. T. riley, B.A. Small post 8vo, sewed, is., cloth, is. 6d. 
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PLINY. The Letters of Pliny the Younger. Melmoth's Translation, 
revised, by the rev. f. c. t. bosanquet, m.a. Small post 8vo, 5*. 

PLUTARCH. Lives. Translated by a. stewart, m.a,, late Fellow of 
Trinity College, Cambridge, and georgb long, m.a. 4 vols, small post 
8vo, 3*. (yd. each. 

— Moials. Theosophical Essays. Translated by c w. king, M.A., late 

Fellow of Trinity College, Cambridge. Small post 8vo, £f. 
- — Morals Ethical Essays. Translated by the rev. A. R. shilleto, M.a. 

Small post 8vo, 5-r. 
PROPERTIUS. Translated by rev. p. J. F. gantillon, m.a., and 

accompanied by Poetical Versions, from various sources. Small post 8vo, 

3*. 6d. 
PRUDENTIUS, Translations from. A Selection from his Works, with 

a Translation into English Verse, and an Introduction and Notes, by 

FRANCIS ST. JOHN thackeray, m.a., F.S.A., Vicar of Mapledurham, 

formerly Fellow of Lincoln College, Oxford, and Assistant-Master at 

Eton. Wide post 8vo, 7-r. 6d. 
QUINTILIAN : Institutes of Oratory, or, Education of an Orator. 

Translated by the rev. J. S. watson, m.a. 2 vols, small post 8vo, 

$s. each. 
SALLUST, FLORUS, and VELLEIUS PATERCULUS. Trans- 

lated by j. s. watson, m.a. Small post 8vo, £r. 
.SENECA: On Benefits. Translated by a. stewart, M.A., late Fellow 

of Trinity College, Cambridge. Small post 8vo, 3*. 6d. 

— Minor Essays and On Clemency. Translated by A. stewart, m.a. 

Small post 8vo, $s. 
-SOPHOCLES. Translated, with Memoir, Notes, etc, by R. p. Coleridge, 

b.a. Small post 8vo, $s. 

Or the plays separately, crown 8vo, sewed, is. each. 
. — The Tragedies of. The Oxford Translation, with Notes, Arguments, 

and Introduction. Small post 8vo, $s, 

— The Dramas of. Rendered in English Verse, Dramatic and Lyric, by 

SIR george young, bart., m.a., formerly Fellow of Trinity College, 
Cambridge. 8vo, 12s. 6d, 

— The CEdipus Tyrannus. Translated into English Prose. By prof. b. 

h. Kennedy. Crown 8vo, in paper wrapper, is. 
-SUETONIUS. Lives of the Twelve Caesars and Lives of the 
Grammarians. Thomson's revised Translation, by T. forester. Small 
post 8vo, 5*. 
TACITUS, The Works of. Translated, with Notes and Index 2 vols.. 
Small post 8vo, $s. each. 
Vol. I.— The Annals. 
Vol. II. — The History, German ia, Agricola, Oratory, and Index. 

TERENCE and PHAEDRUS. Translated by H. T. riley, b.a. Small 

post 8vo, 5*. 
THEOCRITUS, BION, MOSCHUS, and TYRTAEUS. Translated 

by the rev. j. banks, m.a. Small post 8vo, $s. 

THEOCRITUS. Translated into English Verse by c s. calverley, 
m.a., late Fellow of Christ's College, Cambridge. New edition, revised. 
Crown 8vo, *js. 6d. 
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THUCYDIDES. The Peloponnesian War. Translated by the rev. h. 

dale. With Portrait. 2 vols. , $s. 6d. each. 
— Analysis and Summary of. By j. T. wheeler. Small post 8vo, $s. 

VIRGIL. Translated by A. HAMILTON bryce, LL.D. With Memoir and 
Introduction. Small post 8vo, 3<r. 6d. 
Also in 6 vols., crown 8vo, sewed, is. each. 



Georgics. 
Bucolics, 
^neid I.-III. 



^neidIV.-VI. 

^Eneid VII.-IX. 

^neid X.-XII. 



XENOPHON. The Works of. In 3 vols. Small post 8vo, 5s. each. 

Vol. I. — The Anabasis, and Memorabilia. Translated by the rev. j. s. 
watson, M.A. With a Geographical Commentary, by w. F. ains worth, 
1* • s. a. . if . Jv. ur. s>. , etc 

VoL II. — Cyropaedia and Hellenics. Translated by the rev. j. s. 
watson, m.a., and the rev. h. dale. 

Vol. III.— The Minor Works. Translated by the rev. j. s. 

WATSON, M.A. ' 

— Anabasis. Translated by the REV. j. s. watson, M.A. With Memoir 

and Map. 3 vols. 

— Hellenics. Books I. and II. Translated by the rev. h. dale, m.a. 

With Memoir. 



SABRINAE COROLLA In Hortulis Regiae Scholae Salopiensis con- 
texuerunt tres viri floribus legendis. 4/h edition, revised and re-arranged. 
By the late benjamin hall Kennedy, d.d., Regius Professor of Greek 
at the University of Cambridge. Large post 8vo, ioj. 6d. 

SERTUM CARTHUSIANUM Floribus trium Seculorum Contextum. 
Cura gulielmi HAIG brown, Scholae Carthusianae Archididascali. 
Demy 8vo, 5*. 

TRANSLATIONS into English and Latin. By c. s. calverley, m.a., 
late Fellow of Christ's College, Cambridge, yd edition. Crown 8vo, 
7j. 6d. 

TRANSLATIONS from and into the Latin, Greek and English. By 
R. c jebb, m.a., Regius Professor of Greek in the University of Cam- 
bridge, H. JACKSON, M.A., LITT. D., Fellows of Trinity College, Cam- 
bridge, and w. E. currey, M.A., formerly Fellow of Trinity College, 
Cambridge. Crown 8vo. 2nd edition, revised. &r. 

GRAMMAR AND COMPOSITION. 

B ADDELE Y, Auxilia Latina. A Series of Progressive Latin Exercises. 
By m. j. B. baddeley, m.a. Fcap. 8vo. Part I., Accidence. $tk 
edition. 2s. Part II. $th edition. 2s. Key to Part II. 2s. 6d. 

BAIRD. Greek Verbs. A Catalogue of Verbs, Irregular and Defective ; 
their leading formations, tenses in use, and dialectic inflexions, with a 
copious Appendix, containing Paradigms for conjugation, Rules for 
formation of tenses, &c, &c By j. s. baird, t.c.d. New edition, re- 
vised. 2s. 6d. 

— Homeric Dialect. Its Leading Forms and Peculiarities. By J. s. baird, 
t.c.d. New edition, revised. By the rev. w. g union rutherford, 
M.a., LL.D., Head Master at Westminster School, is. 
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BAKER. Latin Prose for London Students. By Arthur baker, 
m.a., Classical Master, Independent College, Taunton. Fcap. 8vo, 2s. 

BARRY. Notes on Greek Accents. By the right rev. a. barry, 

D.D. New edition, re-written, is. 
CHURCH. Latin Prose Lessons. By A. j. church, m.a., Professor of 

Latin at University College, London, gth edition, Fcap. 8vo, 2s. 6d, 

CLAPIN. Latin Primer. By the rev. a. c. clapin, m.a., Assistant 
Master at Sherborne School. 4/A edition. Fcap. 8vo, is. 

COLLINS. Latin Exercises and Grammar Papers. By T. Collins, 
m.a., Head Master of the Latin School, Newport, Salop. 7M edition. 
Fcap. 8vo, 2s. 6d. 

— Unseen Papers in Latin Prose and Verse. With Examination Questions. 

*]th edition. Fcap. 8vo, 2s. 6d. 

— Unseen Papers in Greek Prose and Verse. With Examination Ques- 

tions. 4th edition. Fcap. 8vo, £f. 

— Easy Translations from Nepos, Caesar, Cicero, Livy, &c, for Retrans- 

lation into Latin. With Notes. 2s. 
COMPTON. Rudiments of Attic Construction and Idiom. An Intro- 
duction to Greek Syntax for Beginners who have acquired some knowledge 
of Latin. By the rev. w. cook worthy compton, m.a., Head Master 
of Dover College. Crown 8vo, y. 

FROST. Eclogae Latinae ; or, First Latin Reading Book. With Notes 
and Vocabulary by the late rev. p. frost, m.a. Fcap. 8vo, is. 6J. 

— Analecta Graeca Minora. With Notes and Dictionary. New edition. 

Fcap. 8vo, 2s. 

— Materials for Latin Prose Composition. By the late rev. p. frost, 

m.a. New edition. Fcap. 8vo. 2s. Key. 4j.net. 

— A Latin Verse Book. New edition. Fcap. 8vo, 2s. Key. Ks. net. 

— Materials for Greek Prose Composition. New edition. Fcap. 8vo, 

2s. 6d. Key. 5*. net. 

— Greek Accidence. New edition, is. 

— Latin Accidence, is. 

HARKNESS. A Latin Grammar. By albert harkness. Post 8vo, 

6s. 
KEY. A Latin Grammar. By the late T. h. key, m.a., f.r.s. 6th th^t- 

sand. Post 8vo, Ss. 

— A Short Latin Grammar for Schools. \6th edition. Post 8vo, 3*. 6<f. 
HOLDEN. Foliorum Silvula. Part I. Passages for Translation into 

Latin Elegiac and Heroic Verse. By H. A. HOLDEN, ll.d. nth edition. 
Post 8vo, 7-r. 6d. 

— Foliorum Silvula. Part II. Select Passages for Translation into Latin 

Lyric and Comic Iambic Verse. 3rd edition. Post 8vo, $s. 

— Foliorum Centuriae. Select Passages for Translation into Latin and 

Greek Prose, loth edition. Post 8vo, Ss. 

JEBB, JACKSON, and CURREY. Extracts for Translation in- 
Greek, Latin, and English. By R. c. jebb, litt.d., ll.d., Regius Pro- 
fessor of Greek in the University of Cambridge ; H. jackson, litt.d.,. 
Fellow of Trinity College, Cambridge ; and W. E. currey, M.a., late 
Fellow of Trinity College, Cambridge. 4s. 6d. 

Latin Syntax, Principles of. is. 

Latin Versification, is. 
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MASON. Analytical Latin Exercises By c. P. mason, b.a, 4/J 
edition. Part I., is f 6d. Part II., 2s. 6d. 

— The Analysis of Sentences Applied to Latin. Post 8vo, is. 6d. 

NETTLE SHI P. Passages for Translation into Latin Prose. Pre- 
ceded by Essays on : — I. Political and Social Ideas. II. Range of Meta- 
phorical Expression. III. Historical Development of Latin Prose Style 
in Antiquity. IV. Cautions as to Orthography. By h. nettleship, 
m.a., late Corpus Professor of Latin in the University of Oxford. Crown 
8vo, $s. A Key, 4s. 6d. net. 

Notabilia Quaedam; or the Principal Tenses of most of the Irregular 

Greek Verbs, and Elementary Greek, Latin, and French Constructions. 

New edition, is. 
PA LEY. Greek Particles and their Combinations according to Attic 

Usage. A Short Treatise. By F. A. paley, m.a., ll.d. 2s. 6d. 
PENROSE. Latin Elegiac Verse, Easy Exercises in. By the rev. j. 

Penrose. New edition. 2s. (Key, 3*. 6d. net.) 
PRESTON. Greek Verse Composition. By g. preston, m.a. $th 

edition. Crown 8vo, 4s. 6d. 
PRUEN. Latin Examination Papers. Comprising Lower, Middle, and 

Upper School Papers, and a number of the Woolwich and Sandhurst 

Standards. By 6. G. pruen, m.a., Senior Classical Master in the Modern 

Department, Cheltenham College. Crown 8vo, 2s. 6d. 
SEAGER. Faciliora. An Elementary Latin Book on a New Principle. 

By the rev. j. L. seager, m.a. 2s. 6d. 
STEDMAN (A. M. M.). First Latin Lessons. By A. m. m. stedman, 

m.a., Wadham College, Oxford. 2nd edition, enlarged. Crown 8vo, 2s. 

— Initia Latin a. Easy Lessons on Elementary Accidence. 2nd edition. 

Fcap. 8vo, u. 

— First Latin Reader. With Notes adapted to the Shorter Latin Primer 

and Vocabulary. Crown 8vo, is. 6d. 

— Easy Latin Passages for Unseen Translation. 2nd and enlarged 

edition. Fcap. 8vo, is. 6d. 

— Ezempla Latina. First Exercises in Latin Accidence. With Vocabu- 

lary. Crown 8vo, is. 6d. 

— The Latin Compound Sentence ; Rules and Exercises. Crown 8vo, 

is. 6d. With Vocabulary, 2s. 

— Easy Latin Exercises on the Syntax of the Shorter and Revised Latin 

Primers. With Vocabulary. 3rd edition. Crown 8vo, 2s. 6d. 

— Latin Examination Papers in Miscellaneous Grammar and Idioms. 

$rd edition. 2s. 6d. Key (for Tutors only), 6s. net. 

— Notanda Quaedam. Miscellaneous Latin Exercises. On Common 

Rules and Idioms. 2nd edition. Fcap. 8vo is. 6d. With Vocabulary, 2s. 

— Latin Vocabularies for Repetition. Arranged according to Subjects. 

3rd edition. Fcap. 8vo, is. 6d. 

— First Greek Lessons. [In preparation. 

— Easy Greek Passages for Unseen Translation. Fcap. 8vo, is. 6d. 

— Easy Greek Exercises on Elementary Syntax. [In preparation. 

— Greek Vocabularies for Repetition. Fcap. 8vo, is. 6d. 

— Greek Testament Selections for the Use of Schools. 2nd edition. 

With Introduction, Notes, and Vocabulary. Fcap. 8vo, 2s. 6d. 

— Greek Examination Papers in Miscellaneous Grammar and Idioms. 

2nd edition. 2s. 6d. Key (for Tutors only), 6s. net. 

A3 



1 8 George Bell <2f Sons 9 

THACKERAY. Anthologia Graeca. A Selection of Greek Poetry, 
with Notes. By f. st. john thackeray. $th edition. i6mo, 4s. 6d. 

— Anthologia Latina. A Selection of Latin Poetry, from Naevius to 

Boethius, with Notes. By rev. f. st. john thackeray. 6th edition. 
l6mo, 4s, 6d. 

— Hints and Cautions on Attic Greek Prose Composition. Crown 

8vo, y. 6d. 

— Exercises on the Irregular and Defective Greek Verbs, is. 6d. 
WELLS. Tales for Latin Prose Composition. With Notes and 

Vocabulary. By 6. H. wells, M.A., Assistant Master at Merchant 
Taylor's School. Fcap. 8vo, 2j. 



HISTORY, GEOGRAPHY, AND REFERENCE BOOKS, 

ETC. 

TEUFFEL'S History of Roman Literature. $tA edition, revised by 
dr. schwabe, translated by professor g. c. w. warr, m.a., King's 
College, London. Medium 8vo. 2 vols. 30/. Vol. L (The Republican 
Period), 15*. Vol. II. (The Imperial Period), 15*. 

KEIGHTLEY'S Mythology of Ancient Greece and Italy. 4M edition, 
revised by the late leonh\rd schmitz, ph.d., ll.d., Classical F.Tami nf1 » 
to the University of London With 12 Plates. Small post 8vo, 5x. 

DONALDSON'S Theatre of the Greeks. \oth edition. Small post 8vo, 

DICTIONARY OF LATIN AND GREEK QUOTATIONS ; in- 
cluding Proverbs, Maxims, Mottoes, Law Terms and Phrases. With all 
the Quantities marked, and English Translations. With Index Verborum, 
Small post 8vo, $s. 

A GUIDE TO THE CHOICE OF CLASSICAL BOOKS. By j. b. 
mayor, m.a., Professor of Moral Philosophy at King's College, late 
Fellow and Tutor of St. John's College, Cambridge. 3rd edition, with 
Supplementary List. Crown 8vo, 4s. 6d. Supplement separate, is. 6d. 

PAUSANIAS' Description of Greece. Newly translated, with Notes 
and Index, by A. R. shilleto, m.a. 2 vols. Small post 8vo, 5*. each. 

STRABO'S Geography. Translated by w. falconer, m.a., and H. c. 
Hamilton. 3 vols. Small post 8vo, 5*. each. 

AN ATLAS OF CLASSICAL GEOGRAPHY. By w. hughes and 
G. long, m.a. Containing Ten selected Maps. Imp. 8vo, $s. 

AN ATLAS OF CLASSICAL GEOGRAPHY. Twenty-four Maps 
by w. hughes and george long, m.a. With coloured outlines. 
Imperial 8vo, 6s. 

ATLAS OF CLASSICAL GEOGRAPHY. 22 large Coloured Maps. 
With a complete Index- Imp. 8vo, chiefly engraved by the Messrs. 
Walker. Js. 6d. 
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MATHEMATICS. 

ARITHMETIC AND ALGEBRA. 

BARRACLOUGH (T.). The Eclipse Mental Arithmetic. By titus 
barraclough, Board School, Halifax. Standards I., II., and III., 
sewed, 6d. ; Standards II., III., and IV., sewed, 6d. net ; Book III., 
Part A, sewed, qd. ; Book III., Part B, cloth, is. 6d. 

BEARD (W. S.). Graduated Exercises in Addition (Simple and Com- 
pound). For Candidates for Commercial Certificates and Civil Service 
appointments. By w. s. beard, F.R.G.S., Head Master of the Modern 
School, Fareham. yd edition, Fcap. 4to, is. 

-^PENDLEBURY. 

ELSEE (C). Arithmetic. By the rev. c. elsee, m.a., late Fellow of 
St. John's College, Cambridge, Senior Mathematical Master at Rugby 
School. 14th edition. Fcap. 8vo, 3*. 6d. 

[Camb. School and College Texts. 

— Algebra. By the rev. c. elsee, m.a. $th edition. Fcap. 8vo, 4s. 

[Camb. S. and C. Texts. 

TILIPOWSKI (H. E.). Anti-Logarithms, A Table of. By H. E. 
filipowski. yd edition. 8vo, I$s. 

•GOUDIE (W. P.). See Watson. 

HATHORNTHWAITE (J. T.). Elementary Algebra for Indian 
Schools. By J. T. hathornthwaite, m.a., Principal and Professor 
of Mathematics at Elphinstone College, Bombay. Crown 8vo, 2s. 

HUNTER (J.). Supplementary Arithmetic, with Answers. By rev. 

J. HUNTER, M.A. Fcap. 8vo, $S. 

MACMICHAEL (W. F.) and PROWDE SMITH (R.). Algebra. 
A Progressive Course of Examples. By the rev. w. f. macmichael, 
and R. prowde smith, m.a. 4th edition. Fcap. 8vo, 3*. 6d. With 
answers, 4s. 6a\ [Camb. S. and C. Texts. 

MATHEWS (G. B.). Theory of Numbers. An account of the Theories 
of Congruencies and of Arithmetical Forms. By G. B. mathews, m.a., 
Professor of Mathematics in the University College of North Wales. 
Part I. Demy 8vo, 12s. 

MOORE (B. T). Elementary Treatise on Mensuration. By b. t. 
moore, m. a., Fellow of Pembroke College, Cambridge. 

{New edition preparing. 

PENDLEBURY (C). Arithmetic. With Examination Papers and 
8,000 Examples. By charles pendlebury, m.a., f.r.a.s., Senior 
Mathematical Master of St. Paul's, Author of " Lenses and Systems of 
Lenses, treated after the manner of Gauss." Jth edition. Crown 8vo. 
Complete, with or without Answers, 4*. 6d. In Two Parts, with or 
without Answers, 2s. 6d. each. 

Key to Part II. 7s. 6d. net. [Camb. Math. Ser, 

— Examples in Arithmetic. Extracted from Pendlebury 's Arithmetic. 

With or without Answers. $th edition. Crown 8vo, y. t or in Two Parts, 
is. 6d. and 2s. ... [Camb. Math. Ser. 

— Examination Papers in Arithmetic. Consisting of 140 papers, each 

containing 7 questions ; and a collection of 357 more difficult problems. 
2nd edition. Crown 8vo, 2s. 6d. Key, for Tutors only, $?. net. 
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PENDLEBURY (C.) and TAIT (T. S.). Arithmetic for Indian 
Schools. By c. pendlebury, m.a. and T. s. tatt, M.A., b.sc, 
Principal of Baroda College. Crown 8vo, y. [Comb. Math. Ser. 

PENDLEBURY (C.) and BEARD (W. S.). Arithmetic for the 
Standards. By c. pendlebury, m.a., f.r.a.s,, and w. s. beard, 
F.R.G.S. Standards L, II., III., sewed, id. each, cloth, yL each ; IV., 
V., VI., sewed, yL each, cloth, Ad. each; VII., sewed, 6t&, cloth, id. 
Answers to I. and II., 4//., III. -VII. , \d. each. 

— Elementary Arithmetic, yd edition. Crown 8vo, is. 6a\ 

POPE (L. J.). Lessons in Elementary Algebra. By l. j. pope, b.a. 
(Lond.), Assistant Master at the Oratory School, Birmingham. First 
Series, op to and including Simple Equations and Problems. Crown 8to, 
ix. 6d. 

PROWDE SMITH (R.). See Macmichael. 

SHAW (S. J. D.). Arithmetic Papers. Set in the Cambridge Highefl 
Local Examination, from June, 1869, to June, 1887, inclusive, reprinted 
by permission of the Syndicate. By s. J. D. shaw, Mathematical 
Lecturer of Newnham College. Crown 8vo, 2s. 6d. ; Key, 4s. 6d. net 

TAIT (T. S.). See Pendlebury. 

WATSON (J.) and GOUDIE (W. P.). Arithmetic. A Progressive 
Course of Examples. With Answers. By J. watson, m.a., Corpus 
Christi College, Cambridge, formerly Senior Mathematical Master of the 
Ordnance School, Carshalton. *jth edition ^ revised and enlarged. By w. 
p. goudie, B.A. Lond. Fcap. 8vo, 2s. 6d. \Camb. S. and C. Texts. 

WHIT WORTH (W. A.). Algebra. Choice and Chance. An Ele- 
mentary Treatise on Permutations, Combinations, and Probability, with 
640 Exercises and Answers. By w. a. whitworth, m.a., Fellow of 
St. John's College, Cambridge. 4/A edition, revised and enlarged. 
Crown 8vo, 6s. \Catnb. Math. Ser. 

WRIGLEY (A.) Arithmetic. By a. wrigley, m.a , St John's College. 
Fcap. 8vo, y. 6a\ [Comb. S. and C. Texts, 



BOOK-KEEPING. 

CRELLIN (P.). A New Manual of Book-keeping, combining the 

Theory and Practice, with Specimens of a set of Books. By philljp 

crellin, Chartered Accountant. Crown 8vo, 3*. 6d. 
— Book-keeping for Teachers and Pupils. Crown 8vo, is. 6d. Key, 

2s. net. 
FOSTER (B. W.). Double Entry Elucidated. By B. w. fosteiu 

14/A edition. Fcap. 4to, y. 6d. 

MEDHURST (J. T.). Examination Papers in Book-keeping. Com- 
piled by JOHN T. medhurst, A.K.C., F.S.S., Fellow of the Society of 
Accountants and Auditors, and Lecturer at the City of London College. 
yd edition. Crown 8vo, 3J. 

THOMSON (A. W.). A Text-Book of the Principles and Practice 
of Book-keeping. By professor a. w. Thomson, b.sc., Royal 
Agricultural College, Cirencester. 2nd edition^ revised* Crown 8yo, 5*. 
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GEOMETRY AND EUCLID. 

SESANT (W. H.). Conic Sections treated Geometrically. By w. 

H. besant, sc.D. f F.R.S., Fellow of St John's College, Cambridge. 

9M edition. Crown 8vo, 4s. 6d. net. Key, $s. net. [Camb. Math, Ser. 
8RASSE (J.). The Enunciations and Figures of Euclid, prepared for 

Students in Geometry. By the rev. J. brasse, d.d. New edition. 

Fcap. 8vo, ix. Without the Figures, 6d. 
DEIGHTON (H.). Euclid. Books I.-VI., and part of Book XI., newly 

translated from the Greek Text, with Supplementary Propositions, 

Chapters on Modern Geometry, and numerous Exercises. By HORACE 

deighton, M.A., Head Master of Harrison College, Barbados. 3rd 

edition. 4s. 6d., or Books I. -IV., 3*. Books V. -XL, 2s. 6d. Key, $s. net. 

[Camb. Math. Ser. 
Also issued in parts : — Book I., is. ; Books I. and II., is. 6d. ; Books 

I. -III., 2s. 6d. ; Books III. and IV., is. 6d. 
DIXON (E. T.). The Foundations of Geometry. By edward t. 

dixon, late Royal Artillery. Demy 8vo, dr. 

MASON (C. P.). Euclid. The First Two Books Explained to Beginners. 
By c. p. mason, b.a. 2nd edition. Fcap. 8vo, zs. 6d. 

McDOWELL (J.) Exercises on Euclid and in Modern Geometry, con- 
taining Applications of the Principles and Processes of Modern Pure 
Geometry. By the late J. Mcdowell, m.a., f.r.a.s., Pembroke College, 
Cambridge, and Trinity College, Dublin. 4th edition. 6s. 

[Camb. Math. Ser. 

TAYLOR (C). An Introduction to the Ancient and Modern Geo- 
metry of Conies, with Historical Notes and Prolegomena. 15*. 

— The Elementary Geometry of Conies. By c. taylor, d.d., Master 
of St. John's College. Jth edition, revised. With a Chapter on the Line 
Infinity, and a new treatment of the Hyperbola. Crown 8vo, 4s. 6d. 

[Camb. Math. Ser. 

WEBB (R.). The Definitions of Euclid. With Explanations and 
Exercises, and an Appendix of Exercises on the First Book by R. webb, 
m.a. Crown 8vo, is. 6d. 

"WILLIS (H. G.). Geometrical Conic Sections. An Elementary 
Treatise. By H. G. willis, m.a., Clare College, Cambridge, Assistant 
Master of Manchester Grammar School. Crown 8vo, $s. 

[Camb. Math. Ser. 



ANALYTICAL GEOMETRY, ETC. 

ALDIS (W. S.). Solid Geometry, An Elementary Treatise on. By w. 
s. aldis, m.a., late Professor of Mathematics in the University College, 
Auckland, New Zealand. 4th edition, revised. Crown 8vo, dr. 

[Camb. Math. Ser. 
SESANT (W. H.). Notes on Roulettes and Glissettes. By w. h. 
besant, SC.D., F.R.S. 2nd edition, enlarged. Crown 8vo, $s. 

[Camb. Math. Ser. 
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CAYLEY (A.). Elliptic Functions, An Elementary Treatise on. By 
Arthur cayley, Sadlerian Professor of Pure Mathematics in the Univer- 
sity of Cambridge. 2nd edition. Demy 8vo. 15J. 

TURN BULL (w. P.). Analytical Plane Geometry, An Introduction 
to. By w. p. turnbull, m.a., sometime Fellow of Trinity College. 

8VO, 12S. 

VYVYAN (T. G.). Analytical Geometry for Schools. By rev. t. 
vyvyan, m.a., Fellow of Gonville and Caius College, and Mathematical 
Master of Charterhouse. 6th edition. Svo t 4s.6d. [Camb. S. and C. Texts. 

— Analytical Geometry for Beginners. Part I. The Straight Line and 

Circle. Crown 8vo, is. 6d. [Camb. Math. Ser, 

WHITWORTH (W. A.). Trilinear Co-ordinates, and other methods 
of Modern Analytical Geometry of Two Dimensions. By w. A. whit- 
worth, m.a., late Professor Of Mathematics in Queen's College, Liver- 
pool, and Scholar of St. John's College, Cambridge. 8vo, 16s. 

TRIGONOMETRY. 

DYER (J. M.) and WHITCOMBE (R. H.). Elementary Trigono- 
metry. By j. M. dyer, m.a. (Senior Mathematical Scholar at Oxford), 
and rev. r. h. whitcombe, Assistant Masters at Eton College. 2nd 
edition. Crown 8vo, 4s. 6d. [Camb. Math. Ser. 

PENDLEBURY (C). Elementary Trigonometry. By charles 
pendlebury, m.a., f.r.a.s., Senior Mathematical Master at St. Paul's 
School. Crown 8vo, 4s. 6d. [Camb. Math. Ser. 

VYVYAN (T. G.). Introduction to Plane Trigonometry. By the 
rev. t. G. vyvyan, M. A., formerly Fellow of Gonville and Caius College, 
Senior Mathematical Master of Charterhouse, yd edition y revised and 
augmented. Crown 8vo, y. 6d. [Camb. Math. Ser, 

WARD (G. H.). Examination Papers in Trigonometry. By G. H. 
ward, M.A., Assistant Master at St. Paul's School. Crown 8vo, 2s. 6t/» 
Key, $s. net. 

MECHANICS AND NATURAL PHILOSOPHY. 

ALDIS (W. S.). Geometrical Optics, An Elementary Treatise on. By 
W. S. ALDIS, m.a. 4th edition. Crown 8vo, 4s. [Camb. Math. Ser* 

— An Introductory Treatise on Rigid Dynamics. Crown 8vo, 4s. 

[Camb. Math. Ser* 

— Fresnel's Theory of Double Refraction, A Chapter on. 2nd edition^ 

revised. 8vo, 2s, 
BASSET (A. B.). A Treatise on Hydrodynamics, with numerous 
Examples. By A. B. basset, m.a., f.r.s., Trinity College, Cambridge. 
Demy 8vo. VoL I., price I or. 6d. ; Vol. II., 12s. 6d. 

— An Elementary Treatise on Hydrodynamics and Sound. Demy 

8vo, Js. 6d. 

— A Treatise on Physical Optics. Demy 8vo, 16s. 

BE S ANT (W. H.). Elementary Hydrostatics. By w. h. besant, 
SC.D., F.R.S. 16th edition. Crown 8vo, 4s. 6d. Solutions, 5*. net. 

[Camb. Math. Set, 

— Hydromechanics, A Treatise on. Part I. Hydrostatics. $th edition 

revised, and enlarged. Crown 8vo, $s. [Cam). Math. Ser. 
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BESANT (W. H.). A Treatise on Dynamics. 2nd edition. Crown 
8vo, 10s. 6d. [Camb. Math. Ser. 

CHALLIS (PROF.)* Pure and Applied Calculation. By the late 
rev. j. challis, m.a., f.r.s., &c. Demy 8vo, 1 5 J. 

— Physics, The Mathematical Principle of. Demy 8vo, 5-r. 

— Lectures on Practical Astronomy. Demy 8vo, 10s. 

EVANS (J. H.) and MAIN (P. T.). Newton's Principia, The First 
Three Sections of, with an Appendix; and the Ninth and Eleventh 
Sections. Byj. H. evans, m.a., St. John's College. The $th edition, 
edited by P. T. main, M.A., Lecturer and Fellow of St. John's College. 
Fcap. 8vo, 4s. [Camb. S. and C. Texts. 

GALLATLY (W.). Elementary Physics, Examples and Examination 
Papers in. Statics, Dynamics, Hydrostatics, Heat, Light, Chemistry, 
Electricity, London Matriculation, Cambridge B. A., Edinburgh, Glasgow, 
South Kensington, Cambridge Junior and Senior Papers, and Answers. 
By w. gallatly, M.A., Pembroke College, Cambridge, Assistant 
Examiner, London University. Crown 8vo, 4s. [Comb. Math, Ser. 

GARNETT (W.). Elementary Dynamics for the use of Colleges and 
Schools. By william garnett, m.a., d.cl., Fellow of St. John's 
College, late Principal of the Durham College of Science, Newcastle-upon- 
Tyne. $th edition, revised. Crown 8vo, 6s. [Camb. Math. Ser. 

— Heat, An Elementary Treatise on. 6th edition, revised. Crown 8vo, 

4s. 6d. [Camb. Math. Ser. 

GOODWIN (H.). Statics. By h. Goodwin, d.d., late Bishop of 

Carlisle. 2nd edition. Fcap. 8vo, y. 4 [Camb. S. and C. Texts. 

HOROBIN (J. C). Elementary Mechanics. Stage I. II. and III., 

is. 6d. each. By J. c. horobin, m.a., Principal of Homerton New 

College, Cambridge. 

— Theoretical Mechanics. Division I. Crown 8vo, 2s. 6d. 

* # * This book covers the ground of the Elementary Stage of Division I . 
of Subject VI. of the " Science Directory," and is intended for the 
examination of the Science and Art Department. 

JESSOP (C. M.). The Elements of Applied Mathematics. In- 
cluding Kinetics, Statics and Hydrostatics. By c. M. jessop, m.a., late 
Fellow of Clare College, Cambridge, Lecturer in Mathematics in the 
Durham College of Science, Newcastle-on-Tyne. Crown 8vo, 6s. 

[Camb. Math. Ser. 

MAIN (P. T.). Plane Astronomy, An Introduction to. By P. T. main, 
m.a., Lecturer and Fellow of St. John's College. 6th edition, revised. 
Fcap. 8vo, 4s. [Camb. S. and C. Texts. 

PARKINSON (R. M.). Structural Mechanics. By r. m. tarkinson, 
ASSOC, m.i.ce. Crown 8vo, 4s. 6d. 

PENDLEBURY (C). Lenses and Systems of Lenses, Treated after 
the Manner of Gauss. By charles pendlebury, m.a., f.r.a.s., Senior 
Mathematical Master of St. Paul's School, late Scholar of St. John's 
College, Cambridge. Demy 8vo, 5-r. 

STEELE (R. E.). Natural Science Examination Papers. By 
r. e. Steele, m.a., F.c.s., Chief Natural Science Master, Bradford 
Grammar iSchool. Crown 8vo. Part I., Inorganic Chemistry, 2s. 6d t 
Part II., Physics (Sound, Light, Heat, Magnetism, Electricity), 2s. 6d. 

[School Exam. Series. 



24 George Bell & Sons* 

WALTON (W.). Theoretical Mechanics, Problems in. By w. Wal- 
ton, m.a , Fellow and Assistant Tutor of Trinity Hall, Mathematical 
Lecturer at Magdalene College, yd edition, revised. Demy 8vo, i6>. 

— Elementary Mechanics, Problems in. 2nd edition. Crown 8vo, ox. 

\Camb. Math. Ser. 

DAVIS (J. F.). Army Mathematical Papers. Being Ten Years' 
Woolwich and Sandhurst Preliminary Papers. Edited, with Answers, by 
J. F. DAVIS, d.lit., M.A. Lond. Crown 8vo, 2s. 6d. 

DYER (J. M.) and PROWDE SMITH (R.). Mathematical Ex- 
amples. A Collection of Examples in Arithmetic, Algebra, Trigono- 
metry, Mensuration, Theory of Equations, Analytical Geometry, Statics, 
Dynamics, with Answers, &c For Army and Indian Civil Service 
Candidates. By J. M. dyer, m.a., Assistant Master, Eton College 
(Senior Mathematical Scholar at Oxford), and R. prowdb smith, m.a. 
Crown 8vo, 6s. [Camb. Math. Ser. 

GOODWIN (H.). Problems and Examples, adapted to "Goodwin's 
Elementary Course of Mathematics." By t. G. vyvyan, m.a. yd 
edition. 8vo, <s. ; Solutions, yd edition, 8vo, gs. 

SMALLEY (G. R.). A Compendium of Facts and Formulae in 
Pure Mathematics and Natural Philosophy. By G. R. sm alley, 
F.R.A.S. New edition, revised and enlarged. By J. MCDOWELL, M.A., 
F.R.A.S. Fcap. 8vo, 25. 

WRlGLEY (A.). Collection of Examples- and Problems in Arith- 
metic, Algebra, Geometry, Logarithms, Trigonometry, Conic Sections, 
Mechanics, &c, with ^nswers and Occasional Hints. By the REV. A. 
wrigley. loth edition, 20th thousand. Demy 8vo, y. 6d. 

A Key. By j. C. platts, m.a. and the rev. a. wrigley. 2nd edition. 
Demy 8vo, 5*. net. 



MODERN LANGUAGES. 

ENGLISH. 

ADAMS (E.). The Elements of the English Language. By ernest 

ADAMS, PH.D. 26th edition. Revised by J. F. DAVIS, D.HT., m.a., 

(lond.). Post 8vo, 41. 6d. 
— The Rudiments of English Grammar and Analysis. By ernest 

adams, PH.D. 19th thousand. Fcap. 8vo, is. 
ALFORD (DEAN). The Queen's English: A Manual of Idiom and 

Usage. By the late henry alford, d.d., Dean of Canterbury. 6th 

edition. Small post 8vo. Sewed, is., cloth, is. 6d. 
ASCHAM'S Scholemaster. Edited by professor J. E. b. mayor. Small 

post 8vo, sewed, is. 
BELL'S ENGLISH CLASSICS. A New Series, Edited for use in 

Schools, with Introduction and Notes. Crown 8vo. 

BACON'S Essays Modernized. Edited by p. J. rows, m.a., Professor of 

English Literature at Presidency College, Calcutta. 
BROWNING'S Strafford. Edited by b. h. hick&y. With Introduction by 

S. R. GARDINER, LL.D. 8f. && 
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SELL'S ENGLISH CLASSICS— continued. 

BURKE'S Letters on a Regicide Peace. I. and II. 

M A. CIS *X& * SCWcd 2JF 

BYRON'S Childe Harold. Edited by h. g. kbbnb, m.a., ci.b., Authoi of 



Edited by h. g. kbbnb, 



Manual of French Literature," etc. 3*. 6d. Also Cantos I. and II. separately ; 
sewed, ix. gd. 

— Siege of Corinth. Edited by p. hordern, late Director of Public Instruction in 

Burros, if 6tf » * sewed if 
CHAUCER, SELECTIONS PROM. Edited by j. b. bildbrbbck, b.a., 

Professor of English Literature, Presidency College. Madras. {Preparing. 

DE QUINCEY'S Revolt of the Tartars and The English Mail-Coach. 

Edited by chcil m. barrow, m.a. { Principal of Victoria College, Palgh&t, and 

mark hunter, b.a. , Principal of Coimbatore College. 3*. ; sewed, ix. 
DE QUINCEY'S Opium Eater. Edited by mark hunter, b.a. \In the press. 
GOLDSMITH'S Good- Natu red Man and She Stoops to Conquer. Edited 

by k. dbighton. Each, is. cloth ; ix. 6d. sewed. The two plays [together, sewed, 

ax. 6d. 
IRVING 'S Sketch Book. Edited by R. G. oxbnham, m.a. 
JOHNSON'S Life of Addison. Edited by p. ryland, Author of "The Students' 

Handbook of Psychology," etc. as. 6d. 

— Life of Swift. Edited by p. ryland, m.a. as. 

— Life of Pope. Edited by p. ryland, m. a. ax. 6d. 

— Life of Milton. Edited by p. ryland, m.a. ax. 6d. 

— Life of Dryden. Edited by P. ryland, m.a. ax. 6d. 

LAMB'S Essays. Selected and Edited by k. deighton. 3X. ; sewed, ax. 
LONGFELLOW'S Evangeline. Edited by m. t. quinn, m.a. [In the press. 
MACAULAY'S Lays of Ancient Rome. Edited by p. hordern. as. 6d. ; 
sewed, xx. gd. 

— Essay on Clive. Edited by cbcil barrow, m.a. ax. ; sewed, ix. 6d. 
MASSINGER'S A New Way to Pay Old Debts. Edited by k. dbighton. 

?x. * sewed ax. 
MILTON'S Paradise Lost. Books III. and IV. Edited by r.g. oxbnham, m.a., 
Principal of Elphinstone College, Bombay, ax. ; sewed, zx. 6d. t or separately, 
sewed, lod. each. 

— Paradise Regained. Edited by k. dbighton. ax. 6d. ; sewed, zx. gd. 
POPE, SELECTIONS FROM. Containing Essay on Criticism, Rape of the 

Lock, Temple of Fame, Windsor Forest. Edited by k. dbighton. ax. 6d. ; 
sewed XX Ot* 

8HAKESPEARE'S Julius Caesar. Edited by t. dupp barnbtt, b.a. (Lond.). 
ax. 

— Merchant of Venice. Edited by t. dupp barnbtt, b.a. (Lond.). at. 

— Tempest. Edited by t. dufp barnbtt, b.a. (Lond.). ax. 

Others to follow. 



(BELL'S READING BOOKS. 

Infants. 

Infant's Primer. $d. 

Tot and the Cat. 6d. 
"The Old Boathouse. 6d. 
'The Cat and the Hen. 6d. 

Standard I. 
School Primer. 6d. 
'The Two Parrots. 6d. 
"The Three Monkeys. 6d. 
The New-born Lamb. 6d. 
The Blind Boy. 6d. 

Standard II. 
'The Lost Pigs. 6d. 
Story of a Cat. 6d. 
-Queen Bee and Busy Bee. 6d. 



Post 8vo, cloth, illustrated. 
Gulls' Crag. 6d. 

Standard III. 
Great Deeds in English History. 



is. 



is. 



Adventures of a Donkey. 
Grimm's Tales, is. 
Great Englishmen, is. 
Andersen's Tales, is. 
Life of Columbus, is. 

Standard IV. 
Uncle Tom's Cabin, is. 
Great Englishwomen, is. 
Great Scotsmen, is. 
Edge worth's Tales, is. 
Gatty's Parables from Nature, is, 
Scott's Talisman* is. 
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BELL'S READING BOOKS— continued. 



Standard V. 
Dickens* Oliver Twist is. 
Dickens' Little Nell. is. 
Masterman Ready, is. 
Marryat's Poor Jack. is. 
Arabian Nights, is. 
Gulliver's Travels, is. 
Lyrical Poetry for Boys and Girls. 

IX. 

Vicar of Wakefield, is. 

BELL'S GEOGRAPHICAL READERS. By M. J. barrington- 
WARD, ma. (Worcester College, Oxford). 



Standards VI. and VII. 
Lamb's Tales from Shakespeare. 

is. 
Robinson Crusoe, is. 
Tales of the Coast, is. 
Settlers in Canada, is. 
Southey*s Life of Nelson. 
Sir Roger de Coverley. is. 



is. 



The Child's Geography. Illus- 
trated. Stiff paper cover, 6d. 

The Map and the Compass. 
(Standard I) Illustrated. Cloth, 



The Round World. (Standard II. > 
Illustrated. Cloth, lod. 

About England. (Standard III.) 
With Illustrations and Coloured 
Map. Cloth, is. qd. 

BELL'S ANIMAL LIFE READERS. A Series of Reading Books 
for the Standards, designed to inculcate the humane treatment of animals. 
Edited by edith carrington and ernest bell. Illustrated by 
HARRISON weir and others. [In preparation. 

EDWARDS (P.). Examples for Analysis in Verse and Prose. Selected 
and arranged by F. ED wards. New edition. Fcap. 8vo, cloth, is. 

GOLDSMITH. The Deserted Village. Edited, with Notes and Life, 
by C. P. mason, B.A., f.cp. 4th edition. Crown 8vo, is. 

HANDBOOKS OF ENGLISH LITERATURE. Edited by j. w. 
hales, M.A., formerly Clark Lecturer in English Literature at Trinity 
College, Cambridge, Professor of English Literature at King's College, 
London. Crown 8vo, y. 6d. each. 

The Age of Pope. By john dennis. 

The Age of Dry den. By r. garnett, ll.d., cb. 

In preparation. 
The Age of Chaucer. By professor hales. 
The Age of Shakespeare. By professor hales. 
The Age of Milton. By J. bass mullinger, m. a. 
The Age of Wordsworth. By professor c. h. herford, litt.d. 

HAZLITT ( W.). Lectures on the Literature of the Age of Elizabeth. 
Small post 8vo, sewed, is, 

— Lectures on the English Poets. Small post 8vo, sewed, is. 

— Lectures on the English Comic Writers. Small post 8vo, sewed, is. 
LAMB (C). Specimens of English Dramatic Poets of the Time of 

Elizabeth. With Notes. Small post 8vo, $s. 6d. 

MASON (C. P.). Grammars by c. P. mason, b.a., f.cp., Fellow of 
University College, London. 

— First Notions of Grammar for Young Learners. Fcap. 8vo. g$tk 

thousand. Cloth, is. 

— First Steps in English Grammar, for Junior Classes. Demy l8mo. 59/ft 

thousand. U. 
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MASON (C. P.). Outlines of English Grammar, for the Use of Junior 
Classes. 17 th edition, 97th thousand. Crown 8vo, 2s. 

— English Grammar ; including the principles of Grammatical Analysis. 

36VA edition, revised. 153rd thousand. Crown 8vo, green cloth, 3s. 6d. 

— A Shorter English Grammar, with copious and carefully graduated 

Exercises, based upon the author's English Grammar, gth edition. 49th' 
thousand. Crown 8vo, brown cloth, 3*. 6d. 

— Practice and Help in the Analysis of Sentences. Price 2s. Cloth. 

— English Grammar Practice, consisting of the Exercises of the Shorter 

English Grammar published in a separate form, yd edition. Crown 8vo, 
u. 

— Remarks on the Subjunctive and the so-called Potential Mood. 

6d. f sewn. 

— Blank Sheets Ruled and headed for Analysis, is. per dozen. 

MILTON : Paradise Lost. Books I., II., and III. Edited, with Notes 
on the Analysis and Parsing, and Explanatory Remarks, by c. p. mason, 
B.A., f.cp. Crown 8vo. 

Book I. With Life. 5M edition, is. 

Book II. With Life. 3rd edition, is. 

Book III. With Life. 2nd edition, is. 

— Paradise Lost. Books V.-VIII. With Notes for the Use of Schools.- 

By c. M. LUMBY. 2S. 6d. 

PRICE (A. C). Elements of Comparative Grammar and Philology- 
For Use in Schools. By a. c. price, M.A., Assistant Master at Leeds 
Grammar School. Crown 8vo, is. 6d. 

SHAKESPEARE. Notes on Shakespeare's Plays. With Introduction, 
Summary, Notes (Etymological and Explanatory), Prosody, Grammatical 
Peculiarities, etc. By T. duff barnett, b.a. Lond., late Seconds- 
Master in the Brighton Grammar School. Specially adapted for the Local 1 
and Preliminary Examinations. Crown 8vo, is. each. 

Midsummer Night's Dream.— Julius Caesar. — The Tempest. — 
Macbeth. — Henry V. — Hamlet. — Merchant of Venice. — King 
Richard II. — King John. — King Richard III. — King Lear.— • 
Coriolanus. — Twelfth Night. — As You Like it. — Much Ado Aboii. 
Nothing. 

"The Notes are comprehensive and concise." — Educational Times. 
"Comprehensive, practical, and reliable." — Schoolmaster. 

— Hints for Shakespeare-Study. Exemplified in an Analytical Study of 

Julius Caesar. By mary grafton moberly. 2nd edition. Crown 8vo, 
sewed, is. 

— Coleridge's Lectures and Notes on Shakespeare and other English' 

Poets. Edited by t. ashe, b.a. Small post 8vo, 3*. 6d. 

— Shakespeare's Dramatic Art. The History and Character of Shake- 

speare's Plays. By DR. HERMANN ulrici. Translated by L. DORA 
schmitz. 2 vols, small post 8vo, 3*. 6d. each. 

— William Shakespeare. A Literary Biography. By karl elze, PH.D. r 

ll.d. Translated by L. dora schmitz. Small post 8vo, 5*. 

— Hazlitt's Lectures on the Characters of Shakespeare's Plays. Small' 

post 8vo, is. 

See BELL'S ENGLISH CLASSICS. 
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5KEAT (W. W.). Questions for Examinations in English Litera- 
ture. With a Preface containing brief hints on the study of English. 
Arranged by the rev. w. w. skbat, litt.d., Elrington and Bosworth 
Professor of Anglo-Saxon in the University of Cambridge, yd edition* 
Crown 8vo, 2s. od. 

SMITH (C. J.) Synonyms and Antonyms of the English Language. 
Collected and Contrasted by the ven. c J. smith, m.a. 2nd edition, 
revised. Small post 8vo, $s. 

— Synonym 8 Discriminated. A Dictionary of Synonymous Words in the 

English Language. Illustrated with Quotations from Standard Writers. 
By the late ven. c. J. smith, m.a. With the Author's latest Corrections 
and Additions, edited by the rev. h. percy smith, m.a., of Ballioi 
College, Oxford, Vicar of Great Barton, Suffolk. 4th edition. Demy 
8vo, 14s. 

TEN BRINK'S History of English Literature. Vol. I. Early English 
Literature (to Wiclif). Translated into English by Horace m. Kennedy, 
Professor of German Literature in the Brooklyn Collegiate Institute. 
Small post 8vo, $r. 6d. 

— Vol. II. (Wiclif, Chaucer, Earliest Drama, Renaissance). Translated by 

w. clarke robinson, PH.D. Small post 8vo, £r. 6d. 

— Lectures on Shakespeare. Translated by Julia franklin. Small 

post 8vo, y. 6d, 

THOMSON : Spring. Edited by c. P. mason, b.a., f.cp. With Life. 
2nd edition. Crown 8vo, is. 

— Winter. Edited by c. P. mason, b.a., f.cp. With Life. Crown 8vo, ix. 

WEBSTER'S INTERNATIONAL DICTIONARY of the English 
Language. Including Scientific, Technical, and Biblical Words and 
Terms, with their Significations, Pronunciations, Alternative Spellings, 
Derivations, Synonyms, and numerous illustrative Quotations, with various 
valuable literary Appendices, with 83 extra pages of Illustrations grouped 
and classified, rendering the work a Complete Literary and Scientific 
Reference- Book. New edition (1890). Thoroughly revised and en- 
larged under the supervision of noah porter, d.d., ll.d. i vol. (2,118 
pages, 3,500 woodcuts), 4to, cloth, 31;. 6d. ; half calf, £2 2s. ; half russia, 
£2 $s. ; calf, £2 &s. ; or in 2 vols, cloth, £l 14s, 

Prospectuses, with specimen pages, sent post free on application, 

WEBSTER'S BRIEF INTERNATIONAL DICTIONARY. A 

Pronouncing Dictionary of the English Language, abridged from Webster's 
International Dictionary. With a Treatise on Pronunciation, List 01 
Prefixes and Suffixes, Rules for Spelling, a Pronouncing Vocabulary of 
Proper Names in History, Geography, and Mythology, and Tables of 
English and Indian Money, Weights, and Measures. With 564 pages 
and 800 Illustrations. Demy 8vo, 3*. 
WRIGHT (T.). Dictionary of Obsolete and Provincial English. 
Containing Words from the English Writers previous to the 19th century, 
which are no longer in use, or are not used in the same sense, and Words 
which are now used only in the Provincial Dialects. Compiled by THOMAS 
WRIGHT, M.A., K.S.A., etc. 2 vols. $s. each. 
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FRENCH CLASS BOOKS. 

BOWER (A. M.). The Public Examination French Reader. With 
a Vocabulary to every extract, suitable for all Students who are preparing 
for a French Examination. By A. M. bower, f.r.g.s., late Master in< 
University College School, etc. Cloth, y. 6d. 

BARBIER (PAUL). A Graduated French Examination Course. 
By PAUL barbier, Lecturer in the South Wales University College, etc 
Crown 8vo, y. 

BARRERE (A.) Junior Graduated French Course. Affording Mate- 
rials for Translation, Grammar, and Conversation. By a. barrere,. 
Professor R.M.A., Woolwich, is, 6d. 

— Elements of French Grammar and First Steps in Idioms. With 

numerous Exercises and a Vocabulary. Being an Introduction to the- 
Precis of Comparative French Grammar. Crown 8vo, 2s. 

— Precis of Comparative French Grammar and Idioms and Guide to 

Examinations. 4th edition. 3s. 6d. 

— Recits Milit aires. From Valmy (1792) to the Siege of Paris (1870).- 

WithEnglishNotesand Biographical Notices. 2nd edition. Crown 8vo, 3^ 
CLAPIN (A. C). French Grammar for Public Schools. By the 
rev. A. c clapin, M.A., St. John's College, Cambridge, and Bachelier- 
es-lettres of the University of France. Fcap. 8vo. 14/A edition, zs. 6d. 
Key to the Exercises. 3;. 6d. net. 

— French Primer. Elementary French Grammar and Exercises for Junior 

Forms in Public and Preparatory Schools. Fcap. 8vo. loth edition, is. 

— Primer of French Philology. With Exercises for Public Schools. 

fth edition. Fcap. 8vo, is. 

— English Passages for Translation into French. Crown 8vo, zs. 6d. 

Key (for Tutors only), 4s. net. 
DAVIS (J. F.) Army Examination Papers in French. Questions set 

at the Preliminary Examinations for Sandhurst and Woolwich, from Nov. r 

1876, to June, 1890, with Vocabulary. By J. F. da vis, d.lit., m.a., 

Lond. Crown 8vo, zs. 6d. 
DAVIS (J. F.) and THOMAS (F.). An Elementary French^ 

Reader. Compiled, with a Vocabulary, by J. f. davis, m.a., d.lit.,. 

and Ferdinand THOMAS, Assistant Examiners in the University of 

London. Crown 8vo, 2s. 
DELILLE'S GRADUATED FRENCH COURSE. 



The Beginner's own French Book. 
2s. Key, 2s. 

Easy French Poetry for Be- 
ginners. 2S. 

French Grammar. $s. Key, $s. 



Repertoire des Prosateurs. $r. 6d. 
Modeles de Poesie. 3s. 6d. 
Manuel Etymologique. zs. 6d. 
Synoptical Table of French > 
Verbs. 6d. 



ESCLANGON (A.). The French Verb Newly Treated: an Easy,. 
Uniform, and Synthetic Method of its Conjugation. By A. Esclangon, 
Examiner in the University of London. Small 4to, 5<r. 

GASC (F. E. A.). First French Book; being a New, Practical, and 
Easy Method of Learning the Elements of the French Language. Reset 
and thoroughly revised. 116th thousand. Crown 8vo, is. 

— Second French Book ; being a Grammar and Exercise Book, on a new 
and practical plan, and intended as a sequel to the " First French Book." 
$2nd thousand. Fcap. 8vo, is. 6d. 
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GASC (P. E. A.). Key to First and Second French Books. 6th edition, 
Fcap. 8vo, $r. 6d. net. 

— French Fables, for Beginners, in Prose, with an Index of all the Words 

at the end of the work. 17M thousand. l2mo, is. 6d. 

— Select Fables of La Fontaine. 19M thousand. Fcap. 8vo, is. 6d. 

. — Histoires Amusantes et Instructives ; or, Selections of Complete 
Stories from the best French modern authors, who have written for the 
young. With English notes. i*jth thousand. Fcap. 8vo, is. 

— Practical Guide to Modern French Conversation, containing:— 

I. The most current and useful Phrases in Everyday Talk. II. Every- 
body's necessary Questions and Answers in Travel-Talk. 19M edition. 
Fcap. 8vo, is. id. 
. — French Poetry for the Young. With Notes, and preceded by a few 
plain Rules of French Prosody. $th edition, revised. Fcap. 8vo, is. 6d. 

— French Prose Composition, Materials for. With copious footnotes, and 

hints for idiomatic renderings. 21st thousand. Fcap. 8vo, $s. 
Key. 2nd edition. 6s. net. 
. — Prosateurs Cohtemporains ; or, Selections in Prose chiefly from con- 
temporary French literature. With notes, nth edition. i2mo, 3-r. 6d. 

— Le Petit Compagnon ; a French Talk-Book for Little Children. 14M 

edition. i6mo, is. 6d. 

— French and English Dictionary, with upwards of Fifteen Thousand 

new words, senses, &c. f hitherto unpublished. $th edition, with numerous 
additions and corrections. In one vol. 8vo, cloth, 10s. 6d. In use at 
Harrow, Rugby, Shrewsbury, &c. 

. — Pocket Dictionary of the French and English Languages ; for the every- 
day purposes of Travellers and Students. Containing more than Five 
Thousand modern and current words, senses, and idiomatic phrases 
and renderings, not found in any other dictionary of the two languages. 
New edition. $$rd thousand. l6mo, cloth, 2s. 6d. 

>GOSSET (A.). Manual of French Prosody for the use of English 
Students. By Arthur gosset, m.a., Fellow of New College, Oxford. 
Crown 8vo, 3*. 

"This is the very book we have been looking for. We hailed the title 
with delight, and were not disappointed by the perusal. The reader who 
has mastered the contents will know, what not one in a thousand of 
Englishmen who read French knows, the rules of French poetry." — 
Journal of Education. 

LE NOUVEAU TRESOR ; designed to facilitate the Translation of 

English into French at Sight. By M. £. s. iSth edition. Fcap. 8vo, 

ix. 6d. 
STEDMAN (A. M. M.). French Examination Papers in Miscei 

laneous Grammar and Idioms. Compiled by A. M. M. stedman, m.a* 

5//* edition. Crown 8vo, 2s. 6d. 
A Key. By g. A. schrumpf. For Tutors only. 6s. net. 

— Easy French Passages for Unseen Translation. Fcap. 8vo, is. 6d. 

— Easy French Exercises on Elementary Syntax. Crown 8vo. 2s. 6a\ 
. — First French Lessons. Crown 8vo, is. 

— French Vocabularies for Repetition. Fcap. 8vo, is. 

— Steps to French. i2mo, &£ 
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FRENCH ANNOTATED EDITIONS. 

BALZAC. Ursule Mirouet. By honore de balzac. Edited, with 
Introduction and Notes, by JAMES boielle, B.-es-L., Senior French 
Master, Dulwich College. y. 

CLARETIE. Pierrille. By jules claretie. With 27 Illustrations. 
Edited, with Introduction and Notes, by james boielle, B.-es-L. is. 6d. 

LAUDET. La Belle Nivemaise. Histoire d'un vieux bateau et de son 
equipage. By alphonse daudet. Edited, with Introduction and 
Notes, by JAMES boielle, B.-es-L. With Six Illustrations. 2s. 

FENELON. Aventures de T61emaque. Edited by c. J. delille. 
4th edition. Fcap. 8vo, 2s. 6d. 

<JOMBERT'S FRENCH DRAMA. Re-edited, with Notes, by f. e. a. 
gasc. Sewed, 6d. each. 

MOLIERE. 



Le Misanthrope. 

L'Avare. 

Le Bourgeois Gentilhomme. 

Le Tartuffe. 

Le Malade Imaginaire. 

Les Femmes Savantes. 

RACINE. 
La Thebalde, ou Les Freres 

Ennemis. 
Andromaque. 
Les Plaideurs. 
Iphigenie. 



Les Fourberies de Scapin. 
Les Precieuses Ridicules. 
L'Ecole des Femmes. 
L'Ecole des Maris. 
Le M6decin Malgr6 Lui. 



Britannicus. 
Phedre. 
Esther. 
Athalie. 



CORNEILLE. 
Le Cid. Cinna. 

Horace. Polyeucte. 

VOLTAIRE.— Zaire. 
GREVILLE. Le Moulin Frappier. By henry greville. Edited, 

with Introduction and Notes, by JAMES boielle, B.-es-L. 3J. 
HUGO. Bug Jargal. Edited, with Introduction and Notes, by james 

BOIELLE, B.-es-L. 3-T. 

LA FONTAINE. Select Fables. Edited by F. e. a. gasc. igth 

thousand, Fcap. 8vo, is. 6d. 
LAMARTINE. Le Tailleur de Pierres de Saint-Point. Edited with 

Notes by james boielle, B.-es-L. bth thousand. Fcap. 8vo, is. 6d. 
SAINTINE. Picciola. Edited by dr. dubuc. \Uh thousand. Fcap. 

8vo, ix. 6d. 
VOLTAIRE. Charles XII. Edited by L. direy. ph edition. Fcap. 

8vo, is. 6d. 

GERMAN CLASS BOOKS. 

BUCHHEIM (DR. C. A.). German Prose Composition. Consist- 
ing of Selections from Modern English Writers. With grammatical notes, 
idiomatic renderings, and general introduction. By c. A. buchheim, ph. d. , 
Professor of the German Language and Literature in King's College, and 
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Examiner in German to the London University. 14M edition, enlarged and" 
revised. With a list of subjects for original composition. Fcap. 8vo, 4s. 6d. 
A Key to the 1st and 2nd parts. 3rd edition. $s. net To the 3rd and' 
4th parts. 4s. net 
BUCHHEIM (DR. C. A.). First Book of German Prose. Being 
Parts I. and II. of the above. With Vocabulary by H. R. Fcap. 8vo, is. 6d. 
CLAPIN (A. C). A German Grammar for Public Schools. By the 
rev. A. c. clapin, and F. holl-muller, Assistant Master at the Bruton. 
Grammar School. 6th edition. Fcap. 8vo, 2s. 6d. 
— A German Primer. With Exercises. 2nd edition. Fcap. 8vo, is. 
German. The Candidate's Vade Mecum. Five Hundred Easy 
Sentences and Idioms. By an Army Tutor. Cloth, is. For Army- 
Prelim. Exam. 
LANGE (F.). A Complete German Course for Use in Public Schools* 
By F. lange, PH.D., Professor R.M.A. Woolwich, Examiner in German, 
to the College of Preceptors, London ; Examiner in German at the Victoria 
University, Manchester. Crown 8vo. 
Concise German Grammar. With special reference to Phonology, 
Comparative Philology, English and German Equivalents and Idioms. 
Comprising Materials for Translation, Grammar, and Conversation. 
Elementary, 2s. ; Intermediate, 2s. ; Advanced, 3*. 6d. 
Progressive German Examination Course. Comprising the Elements 
of German Grammar, an Historic Sketch of the Teutonic Languages, 
English and German Equivalents, Materials for Translation, Dictation, 
Extempore Conversation, and Complete Vocabularies. I. Elementary 
Course, 2s. II. Intermediate Course, 2s. III. Advanced Course. 
Second revised edition, is. 6d. 
Elementary German Reader. A Graduated Collection of Readings in 
Prose and Poetry. With English Notes and a Vocabulary. qtk 
edition, is. 6d. 
Advanced German Reader. A Graduated Collection of Readings in 
Prose and Poetry. With English Notes by F. lange, ph.d., and 
J. F. davis, D.LIT. 2nd edition. 3s. 
MORICH (R. J.). German Examination Papers in Miscellaneous 
Grammar and Idioms. By R. J. morich, Manchester Grammar School. 
2nd edition. Crown 8vo, 2s. 6d. A Key, for Tutors only. 5^. net. 
STOCK (DR.). Wortfolge, or Rules and Exercises on the order of Words 
in German Sentences. With a Vocabulary. By the late Frederick 
STOCK, D.LIT., m.a. Fcap. 8vo, is. 6d. 

KLUGE'S Etymological Dictionary of the German Language* 
Translated by J. F. davis, d.lit. (Lond.). Crown 4to, lSs. 

GERMAN ANNOTATED EDITIONS. 

AUERBACH (B.). Auf Wache. Novelle von berthold auerbach. 

Der Gefrorene Kuss. Novelle von otto roquette. Edited by a. a. 

macdonell, m.a., ph.d. 2nd edition. Crown 8vo, 2s. 
BENEDIX (J. R.). Doktor Wespe. Lustspiel in iunf Aufziigen von 

JULIUS RODERICH BENEDIX. Edited by PROI ESSOR F. LANGE, PH.D, 

Crown 8vO| 2s. (xL 
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EBERS (G.). EineFrage. Idyll von georg ebers. Edited by f. storr, 
B.A., Chief Master of Modern Subjects in Merchant Taylors' School. 
Crown 8vo, 2s. 

FREYTAG (G.). Die Journalisten. Lustspiel von gustav freytag. 
Edited by professor f. lange, ph. d. 4th revised edition. Crown 8vo, is. 6d. 

— SOLL UND HABEN. Roman von gustav freytag. Edited by 

w. hanby crump, M.A. Crown 8vo, 2S. 6d. 

GERMAN BALLADS from Uhland, Goethe, and Schiller. With Intro- 
ductions, Copious and Biographical Notices. Edited by c. L. bielefeld. 
4/A edition. Fcap. 8vo, is. 6d. 

GERMAN EPIC TALES IN PROSE. I. Die Nibelungen, von 
A. F. c. vilmar. II. Walther und Hildegund, von albert richter. 
Edited by karl neuhaus, ph.d., the International College, Isleworth. 
Crown 8vo, 2s. 6d. 

GOETHE. Hermann und Dorothea. With Introduction, Notes, and Argu- 
ments. By E. bell, M.A., and E. wolfel. 2nd edition. Fcap. 8vo, is. 6d. 

GOETHE. FAUST. Part I. German Text with Hayward's Prose 
Translation and Notes. Revised, With Introduction by c. A. buchheim, 
PH.D., Professor of German Language and Literature at King's College, 
London. Small post 8vo, $s. 

GUTZKOW (K.). Zopf und Schwert. Lustspiel von karl gutzkow. 
Edited by professor f. lange, ph.d. Crown 8vo, 2s. 6d. 

HEY'S FABELN FUR KINDER. Illustrated by o. speckter. 
Edited, with an Introduction, Grammatical Summary, Words, and a com- 
plete Vocabulary, by professor f. lange, ph.d. Crown 8vo, is. 6d. 

— The same. With a Phonetic Introduction, and Phonetic Transcription of 

the Text. By professor f. lange, ph.d. Crown 8vo, 2s. 
HEYSE (P.). Hans Lange. Schauspiel von paul heyse. Edited by 

A. A. macdonell, M.A., PH.D., Taylorian Teacher, Oxford University. 

Crown 8vo, 2s. 
HOFFMANN (E. T. A.). Meister Martin, der Kufner. Erzahlung 

von e. t. a. Hoffmann. Edited by F. lange, ph.d. 2nd edition. 

Crown 8vo, is. 6d. 
MOSER (G. VON). Der Bibliothekar. Lustspiel von G. VON moser. 

Edited by F. lange, PH.D. 4th edition. Crown 8vo, 2s. 
ROQUETTE (O.). See Auerbach. 
SCHEFFEL (V. VON). Ekkehard. Erzahlung des zehnten Jahr- 

hunderts, von victor von scheffel. Abridged edition, with Intro- 
duction and Notes by Herman hager, ph.d., Lecturer in the German 

Language and Literature in The Owens College, Victoria University, 

Manchester. Crown 8vo, $s. 
SCHILLER'S Wallenstein. Complete Text, comprising the Weimar 

Prologue, Lager, Piccolomini, and Wallenstein's Tod. Edited by dr. 

suchheim, Professor of German in King's College, London. 6th edition. 

Fcap. 8vo, $s. Or the Lager and Piccolomini, 2s. 6d. Wallenstein's 

Tod, 2s. 6d. 

— Maid of Orleans. With English Notes by dr. wilhelm wagner. 3rd 

edition. Fcap. 8vo, is. 6d. 

— Maria Stuart. Edited by v. kastner, B.-es-L., Lecturer on French 

Language and Literature at Victoria University, Manchester. 3rd edition. 
Fcap. 8vo, is. 6d. 
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ITALIAN. 

CLAPIN (A. C). Italian Primer. With Exercises. By the rev. A. C. 

CLAPIN, M.A., B.-es-L. yd edition. Fcap. 8vo, is. 
DANTE. The Inferno. A Literal Prose Translation, with the Text of the 

Original collated with the best editions, printed on the same page, and 

Explanatory Notes. By JOHN A. carlyle, m*d. With Portrait. 2tut 

edition. Small post 8vo, 5;. 

— The Purgatorio. A Literal Prose Translation, with the Text of Bianchi 

printed on the same page, and Explanatory Notes. By w. s. dugdale. 
Small post 8vo, 5;. 

BELL'S MODERN TRANSLATIONS. 

A Seties of Translations from Modern Languages, with Memoirs, 

Introductions, etc. Crown Svo, is. each. 
•GOETHE. Egmont. Translated by anna swanwick. 

— Iphigenia in Tauris. Translated by anna swanwick* 
HAUFF. The Caravan. Translated by s. mendel. 

— The Inn in the Spessart. Translated by s. mendel. 
LESSING. Laokoon. Translated by E. c. beasley. 

— Nathan the Wise. Translated by R. dillon boylan. 

— Minna von Barnhelm. Translated by ernest bell, M.A. 

MOLIERE. The Misanthrope. Translated by c. heron wall. 

— The Doctor in Spite of Himself. (Le Medecin malgre* lui). Trans- 

lated by C. HERON WALL. 

— Tartuffe ; or, The Impostor. Translated by c. heron WALL. 

— The Miser. (L'Avare). Translated by c. heron wall. 

— The Shopkeeper turned Gentleman. (Le Bourgeois Gentilhomme). 

Translated by C. HERON WALL. 
RACINE. Athalie. Translated by R. BRUCE boswell, M.A. 

— Esther. Translated by R. bruce boswell, m.a. 

SCHILLER. William Tell. Translated by sir Theodore martin, 
k.c.b., LL.D. New edition, entirely revised. 

— The Maid of Orleans. Translated by anna swanwick. 

— Mary Stuart. Translated by j. mellish. 

— Wallenstein's Camp and the Piccolomini. Translated by j. churchill 

and S. T. COLERIDGE. 

— The Death of Wallenstein. Translated by s. T. coleridge. 

# * # For other Translations of Modern Languages, see the Catalogue of 
Bonn's Libraries, which will be forwarded on application. 

SCIENCE, TECHNOLOGY, AND ART. 

CHEMISTRY. 

COOKE (S.). First Principles of Chemistry. An Introduction to 
Modern Chemistry for Schools and Colleges. By SAMUEL cooks, M.a., 
b.e., Assoc. Mem. Inst. C. £., Principal of the College of Science, Poona. 
6th edit, on, revised. Crown 8vo, 2s. 6d. 

— The Student's Practical Chemistry. Test Tables for Qualitative 

Analysis. 3rd edition, revised and enlarged. Demy 8vo, ix. 
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STOCKHARDT (J. A.). Experimental Chemistry. Founded on the 
work of J. A. stockhardt. A Handbook for the Study of Science by 
Simple Experiments. By C. w. heaton, f.i.c, F.C.S., Lecturer in 
Chemistry in the Medical School of Charing Cross Hospital, Examiner in 
Chemistry to the Royal College of Physicians, etc. Revised edition. 5*. 

WILLIAMS (W. M.). The Framework of Chemistry. Part I. Typical 
Facts and Elementary Theory. By w. M. Williams, m.a., St. John's 
College, Oxford ; Science Master, King Henry VIII.'s School, Coventry. 
Crown 8vo, paper boards, 9V. net. 

BOTANY. 

EGERTON-WARBURTON (G.). Names and Synonyms of British 
Plants. By the rev. g. egerton-warburton. Fcap. 8vo, 31. 6d. 
( Uniform with Hay-ward's Botanist's Pocket Book. ) 

HAYWARD (W. R.). The Botanist's Pocket-Book. Containing in 
a tabulated form, the chief characteristics of British Plants, with the 
botanical names, soil, or situation, colour, growth, and time of flowering 
of every plant, arranged under its own order ; with a copious Index. 
By w. R. hayward. 6th edition, rezrised, Fcap. 8vo, cloth limp, 4s. 6d. 

MASSE E (G.). British Fungus-Flora. A Classified Text- Book of 
Mycology. By george massee, Author of " The Plant World." With 
numerous Illustrations. 4 vols, post 8vo, Js. 6d. each. 

SOWERBY'S English Botany. Containing a Description and Life-size 
Drawing of every British Plant. Edited and brought up to the present 
standard of scientific knowledge, by T. boswell (late syme), ll.d., 
F.L.S., etc. 3«/ edition, entirely revised. With Descriptions of all the 
Species by the Editor, assisted by N. e. brown. 12 vols., with 1,937 
coloured plates, £24. 3J. in cloth, ^26 us, in half-morocco, and ^30 gs. 
in whole morocco. Also in 89 parts, 5*., except Part 89, containing 
an Index to the whole work, 7*. 6d. 

# * # A Supplement, to be completed in 8 or 9 parts, is now publishing. 
Parts I., II., and III. ready, 5^. each, or bound together, making 
Vol. XIII. of the complete work, 17*. 

TURNBULL (R.). Index of British Plants, according to the London 
Catalogue (Eighth Edition), including the Synonyms used by the principal 
authors, an Alphabetical List of English Names, etc By ROBERT 
turnbull. Paper cover, 2s. 6d., cloth, 31. 

GEOLOGY. 

JUKES-BROWNE (A. J.). Student's Handbook of Physical Geo- 
logy. By A. J. jukes-browne, B.A., f.g.s., of the Geological Survey of 
England and Wales. With numerous Diagrams and Illustrations, int 
edition, much enlarged, *js. 6d. 

— Student's Handbook of Historical Geology. With numerous Diagrams 

and Illustrations. 6s. 

"An admirably planned and well executed 'Handbook of Historical 
Geology.' "—journal of Education. 

— The Building of the British Isles. A Study in Geographical Evolution. 

With Maps. 2nd edition revised. *js. 6d, 
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MEDICINE. 

CARRINGTON (R. E.), and LANE (W. A.). A Manual of Dissec- 
tions of the Human Body. By the late R. s. carrington, m.d. 
(Lond.), f.r.cp., Senior Assistant Physician, Guy's Hospital. 2nd 
edition. Revised and enlarged by w. arbuthnot lane, M.S., F.R.CS., 
Assistant Surgeon to Guy's Hospital, etc. Crown 8vo, gs. 

" As solid a piece of work as ever was put into a book ; accurate from 
beginning to end, and unique of its kind." — British Medical Journal. 

HILTON'S Rest and Pain. Lectures on the Influence of Mechanical and 
Physiological Rest in the Treatment of Accidents and Surgical Diseases, 
and the Diagnostic Value of Pain. By the late John hilton, F.R.S., 
F.R.C.S., etc Edited by w. h. a. jacobson, M.A., m.ch. (Oxon.), 
F.R.C.S. $lh edition, gs. 

HOBLYN'S Dictionary of Terms used in Medicine and the Collateral 
Sciences. 12M edition. 'Revised and enlarged by J. A. P. price, B. a^ 
m.d. (Oxon.). 1 or. 6d. 

LANE (W. A.). Manual of Operative Surgery. For Practitioners and 
Students. By w. arbuthnot lane, m.b., M.S., F.R.C.S., Assistant 
Surgeon to Guy's Hospital. Crown 8vo, Ss. 6d. 

SHARP (W.) Therapeutics founded on Antipraxy. By William 
sharp, M.D., F.R.S. Demy 8vo, 6s. 

BELL'S AGRICULTURAL SERIES. 

In crown 8vo, Illustrated, 160 pages, cloth, 2s. 6d. each, 

CHEAL (J.). Fruit Culture. A Treatise on Planting, Growing, Storage 
of Hardy Fruits for Market and Private Growers. By J. CHEAL, F.R.H.S., 
Member of Fruit Committee, Royal Hort. Society, etc 

FREAM (DR.). Soils and their Properties. By dr. william fream, 
B.SC (Lond.)., F.L.S., F.G.s., F.S.S., Associate of the Surveyor's Institu- 
tion, Consulting Botanist to the British Dairy Farmers' Association and 
the Royal Counties Agricultural Society ; Prof, of Nat. Hist, in Downton 
College, and formerly in the Royal Agric. Coll., Cirencester. 

GRIFFITHS (DR.). Manures and their Uses. By dr. a. b. Griffiths, 
F.R.S.E., f.c.s., late Principal of the School of Science, Lincoln ; Membre 
de la Soci&e Chimique de Paris ; Author of " A Treatise on Manures," 
etc, etc. In use at Downton College. 

— The Diseases of Crops and their Remedies. 

MALDEN (W. J.). Tillage and Implements. By w. J. malden, 
Prof, of Agriculture in the College, Downton. 

SHELDON (PROF.). The Farm and the Dairy. By professor 
J. p. sheldon, formerly of the Royal Agricultural College, and of the 
Downton College of Agriculture, late Special Commissioner of the 
Canadian Government . In use at Downton College. 

Specially adapted for Agricultural Classes. Crown 8vo. Illustrated, is. each. 
Practical Dairy Farming. By professor sheldon. Reprinted from the 

author's larger work entitled " The Farm and the Dairy/' 
Practical Fruit Growing. By J. cheal, f.r.h.s. Reprinted from the 

author's larger work, entitled " Fruit Culture." 
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TECHNOLOGICAL HANDBOOKS. 

Edited by Sir H. Trueman Wood. 

Specially adapted for candidates in the examinations of the City Guilds 

Institute. Illustrated and uniformly printed in small post 8vo. 

BEAUMONT (R.). Woollen and Worsted Cloth Manufacture. By 
Roberts Beaumont, Professor of Textile Industry, Yorkshire College, 
Leeds ; Examiner in Cloth Weaving to the City and Guilds of London 
Institute. 2nd edition* Js. 6d. 

BENEDIKT (R), and KNECHT (E.). Coal-tar Colours, The 
Chemistry of. With special reference to their application to Dyeing, etc 
By dr. R. benedikt, Professor of Chemistry in the University of Vienna. 
Translated by e. knecht, ph.d. of the Technical College, Bradford. 
2nd and enlarged edition, 6s. 6d. 

CROOKES (W.). Dyeing and Tissue-Printing. By William crookes, 
F.R.S., v.p.c.s. $s. 

GADD (W. L.). Soap Mauufacture. By w. Lawrence gadd, f.i.c, 
f.cs., Registered Lecturer on Soap-Making and the Technology of Oils 
and Fats, also on Bleaching, Dyeing, and Calico Printing, to the City and 
Guilds of London Institute. $s. 

HELLYER (S. S.). Plumbing: Its Principles and Practice. By 
s. Stevens hellyer. With numerous Illustrations. 5-r. 

HORNBY (J.). Gas Manufacture. By J. hornby, f.i.c, Lecturer 
under the City and Guilds of London Institute. [In the press. 

HURST (G.H.). Silk-Dyeing and Finishing. By G. H. hurst, f.cs., 
Lecturer at the Manchester Technical School, Silver Medallist, City and 
Guilds of London Institute. With Illustrations and numerous Coloured 
Patterns. Js. 6d. 

JACOBI (C. T.). Printing. A Practical Treatise. By c t. jacobi, 
Manager of the Chiswick Press, Examiner in Typography to the City and 
Guilds of London Institute. With numerous Illustrrations. 5*. 

MARSDEN (R.). Cotton Spinning: Its Development, Principles, 
and Practice, with App endix on Steam Boilers and Engines. By r* 
marsden, Editor of the "Textile Manufacturer." 4th edition. 6s. 6d. 

— Cotton Weaving With numerous Illustrations. [In the press. 

POWELL (H.), CHANCE (H.), and HARRIS (H. G.). Glass 
Manufacture. Introductory Essay, by H. powell, b.a. (Whitefriars 
Glass Works) ; Sheet Glass, by henry chance, m.a. (Chance Bros., 
Birmingham) : Plate Glass, by H. G. Harris, Assoc. Memb. Inst. 
C.E. 3*. 6d. 

ZAEHNSDORP (J. W.) Bookbinding. By J. w. zaehnsdorf, 
Examiner in Bookbinding to the City and Guilds of London Institute* 
With 8 Coloured Plates and numerous Diagrams. 2nd edition, revised 
and enlarged. 5s. 

* # * Complete List of Technical Books on Application, 

MUSIC. 
BANISTER (H. C). A Text Book of Music: By h. c banister, 
Professor of Harmony and Composition at the R. A. of Music, at the Guild- 
hall School of Music, and at the Royal Normal Coll. and Acad, of Music 
for the Blind. l$th edition. Fcap. 8vo. $s. 
This Manual contains chapters on Notation, Harmony, and Counterpoint ; 



38 George Bell & Sons' 

BANISTER (H. C,)— continued. 

Modulation, Rhythm, Canon, Fugue, Voices, and Instruments ; together 
with exercises on Harmony, an Appendix of Examination Papeis, and a 
copious Index and Glossary of Musical Terms. 

— Lectures on Musical Analysis. Embracing Sonata Form, Fugue, 

etc., Illustrated by the Works of the Classical Masters. 2nd edition, 
revised. Crown 8vo, Js. 6d. 

— Musical Art and Study : Papers for Musicians. Fcap. 8vo, is. 
CHATER (THOMAS). Scientific Voice, Artistic Singing, and 

Effective Speaking. A Treatise on the Organs of the Voice, their 
Natural Functions, Scientific Development, Proper Training, and Artistic 
Use. By THOMAS chater. With Diagrams. Wide fcap. 2s. 6d. 
HUNT (H. G. BONAVIA). A Concise History of Music, from the 
Commencement of the Christian era to the present time. For the use of 
Students. By rev. h. g. bonavia hunt, Mus. Doc. Dublin ; Warded 
of Trinity College, London ; and Lecturer on Musical History in the same 
College. 13M edition, revised to date (1895). Fcap. 8vo, y. txi. 



ART. 

BARTER (S.) Manual Instruction— Woodwork. By s. barter 
Organizer and Instructor for the London School Board, and to the Joint 
Committee on Manual Training of the School Board for London, the City 
anH Guilds of London Institute, and the Worshipful Company of Drapers. 
With over 300 Illustrations. Fcap. 4to, cloth. Js. 6d. 

BELL (SIR CHARLES). The Anatomy and Philosophy of Expres- 
sion, as connected with the Fine Arts. By sir charles bell, k.h. 
*jth edition, revised, $s. 

BRYAN'S Biographical and Critical Dictionary of Painters and 
Engravers. With a List of Ciphers, Monograms, and Marks. A new 
Edition, thoroughly Revised and Enlarged. By R. E. graves and 
Walter Armstrong. 2 volumes. Imp. 8vo, buckram, 3/. 3*. 

CHEVREUL on Colour. Containing the Principles of Harmony and Con- 
trast of Colours, and their Application to the Arts, yd edition, with 
Introduction. Index and several Plates. 5^.— 'With an additional series 
of 16 Plates in Colours, 7s, 6d, 

DELAMOTTE (P. H.). The Art of Sketching from Nature. By p. 
H. DELAMOTTE, Professor of Drawing at King's College, London. Illus- 
trated by Twenty-four Woodcuts and Twenty Coloured Plates, arranged 
progressively, from Water-colour Drawings by prout, e. w. cooke, r.a., 
girtin, varley, de wi nt, and the Author. New edition. Imp. 4to, 21s. 

FLAXMAN'S CLASSICAL COMPOSITIONS, reprinted in a cheap 
form for the use of Art Students. Oblong paper covers, 2s, 6d, each. 
Homer. 2 vols. — ^schylus. — Hesiod. — Dante. 

— Lectures on Sculpture, as delivered before the President and Members 
of the Royal Academy. With Portrait and 53 plates. 6s, 

HARRIS (R.). Note-book of Geometrical Drawing. By r. Harris, 
Art Master at St Paul's School. New edition, enlarged. Crown 8vo. 

HEATON (MRS.). A Concise History of Painting. By the late MRS* 
CHARLES heaton. New edition. Revised by cosmo monkhouse. 5/. 
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LELAND (C. G.). Drawing and Designing. In a series of Lessons 
for School use and Self Instruction. By Charles g. leland, m.a., 
F.R.L.S. Paper cover, is. ; or in cloth, is. 6d. 

— Leather Work : Stamped, Moulded, and Cut, Cuir-Bouille\ Sewn, etc 

With numerous Illustrations. Fcap. 4to, $s. 

— Manual of Wood Carving. By charles g. leland, m.a., f.r.l.s. 

Revised by J. J. holtzapffel, a.m. inst.ce. With numerous Illustra- 
tions. Fcap. 4to, 5^. 

— Metal Work. With numerous Illustrations. Fcap. 4to, 5*. 
LEONARDO DA VINCI'S Treatise on Painting. Translated from 

the Italian by J. F. rigaud, r.a. With a Life of Leonardo and an 
Account of his Works, by J. w. brown. With numerous Plates. $s. 

MOODY (F. W.). Lectures and Lessons on Art. By the late F. w. 
moody, Instructor in Decorative Art at South Kensington Museum. With 
Diagrams to illustrate Composition and other matters. A new and cheaper 
edition. Demy 8vo, sewed, 4s. 6d. 

STRANGE (E. F). Alphabets : a Handbook of Lettering, compiled for 
the use of Artists, Designers, Handicraftsmen, and Students. With com- 
plete Historical and Practical Descriptions. By edward f. strange. 
With more than 200 Illustrations. Imperial i6mo, Ss. 6d. net. 

WHITE (GLEESON). Practical Designing: A Handbook on the 
Preparation of Working Drawings, showing the Technical Methods em- 
ployed in preparing them for the Manufacturer and the Limits imposed on 
the Design by the Mechanism of Reproduction and the Materials employed. 
Edited by gleeson white. Freely Illustrated. 2nd edition. Crown 
8vo, 6s. net. 

Contents : — Bookbinding, by h. orrinsmith — Carpets, by Alexander 
Millar — Drawing for Reproduction, by the Editor — Pottery, by w. P. 
rix — Metal Work, by r. ll. rathbone — Stained Glass, by selwyN 
image — Tiles, by owen carter — Woven Fabrics, Printed Fabrics, and 
Floorcloths, by Arthur silver — Wall Papers, by G. c. haite. 

MENTAL, MORAL, AND SOCIAL 

SCIENCES. 

PSYCHOLOGY AND ETHICS. 

ANTONINUS (M. Aurelius). The Thoughts of. Translated literally, 
with Notes, Biographical Sketch, Introductory Essay on the Philosophy, 
and Index, by george long, m.a. Revised edition. Small post 8vo, 
y. 6d. , or new edition on Handmade paper ; buckram, 6s. 

BACON'S Novum Organum and Advancement of Learning. Edited, 
with Notes, by J. devey, m.a. Small post 8vo, $s. 

EPICTETUS. The Discourses of. With the Encheiridion and Frag- 
ments. Translated with Notes, a Life of Epictetus, a View of his Philo- 
sophy, and Index, by george long, m.a. Small post 8vo, 5*., or new 
edition on Hanamade paper •, 2 vols., buckram, I or. 6d. 

KANT'S Critique of Pure Reason. Translated byj. m. d. meiklejohn, 
Professor of Education at St. Andrew's University. Small post 8vo, 5*. 

— Prolegomena and Metaphysical Foundations of Science. With 

Life. Translated by E. belfort bax. Small post 8vo, 5-r. 
LOCKE'S Philosophical Works. Edited by J. A. ST. John. 2 vols. 
Small post 8vo, y. 6d. each. 



40 George Bell & Sons* 

RYLAND (P.). The Student's Manual of Psychology and Ethics, 
designed chiefly for the London B.A. and B.Sc By F. ryland, m.a., 
late Scholar of St John's College, Cambridge. Cloth, red edges. $th 
edition, revised and enlarged. With lists of books for Students, and 
Examination Papers set at London University. Crown 8vo, 3/. 6d. 

— Ethics : An Introductory Manual for the use of University Students. 

With an Appendix containing List of Books recommended, and Exami- 
nation Questions. Crown 8vo, ys. 6d. 

— Logic. An Introductory Manual Crown 8vo. [/» the press. 

SCHOPENHAUER on the Fourfold Root of the Principle of Suffi- 
cient Reason, and On the Will in Nature. Translated by madams 
hillebrand. Small post 8vo, y. 

— Essays. Selected and Translated. With a Biographical Introduction 

and Sketch of his Philosophy, by E. bblfort bax. Small post 8vo, $s. 
SMITH (Adam). Theory of Moral Sentiments. With Memoir of the 

Author by dugald stewart. Small post 8vo, 31. 6d. 
SPINOZA'S Chief Works. Translated with Introduction, by r. h. m. 
elwes. 2 vols. Small post 8vo, $s. each. 

Vol. I. — Tractatus Theologico-Politicus — Political Treatise. 
II. — Improvement of the Understanding — Ethics — Letters. 

HISTORY OF PHILOSOPHY. 

BAX (£. B.). Handbook of the History of Philosophy. By s. bbl- 
fort bax. 2nd edition, revised. Small post 8vo, $s. 

DRAPER (J. W.). A History of the Intellectual Development of 
Europe. By john william draper, m.d., ll.d. With Index. 2 
vols. Small post 8vo, 5*. each. 

FALCKENBERG(R.). History of Modern Philosophy. ByRiCHARD 
falckenberg, Professor of Philosophy in the University of Erlangen. 
Translated by Professor a. c. Armstrong. Demy 8vo, 16s. 

HEGEL'S Lectures on the Philosophy of History. Translated by 
J. sibree, m.a. Small post 8vo, $s. 

LAW AND POLITICAL ECONOMY. 

KENT'S Commentary on International Law. Edited by J. T. abdy, 
ll.d., Judge of County Courts and Law Professor at Gresham College, 
late Regius Professor of Laws in the University of Cambridge. 2nd 
edition* revised and brought down to a recent date. Crown 8vo, io.t. 6d. 

LAWRENCE (T. J.). Essays on borne Disputed Questions in 
Modern International Law. By t. j. Lawrence, m.a., ll.m. 2nd 
edition, revised and enlarged. Crown 8vo, 6s. 

— Handbook of Public International Law. 2nd edition. Fcap. 8vo, 3/. 

MONTESQUIEU'S Spirit of Laws. A New Edition, revised and 
corrected, with D'Alembert's Analysis, Additional Notes, and a Memoir, 
by j. v. pritchard, A.M. 2 vols. Small post 8vo, 3*. 6d. each. 

PROTHERO (M.). Political Economy. By micharl prothrro, m.a. 
Crown 8vo, 41. 6d. 

RICARDO on the Principles of Political Economy and Taxation. 
Edited by E. c. K. gonner, M.A., Lecturer in University College, 
Liverpool. Small post 8vo, $s. 

8MITH (Adam). The Wealth of Nations. An Inquiry into the Nature 
and Causes of. Reprinted from the Sixth Edition, with an Introduction 
by brnbst belfort bax. 2 vols. Small post 8vo, 3/. 6d. each. 
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HISTORY. 

BOWES (A.). A Practical Synopsis of English History; or, A 

General Summary of Dates and Events. By Arthur bowes. ioM 

edition. Revised and brought down to the present time. Demy 8vo, is. 
COXE (W.). History of the House of Austria, 1218-1792. By 

ARCHDN. coxe, m.a., F.R.S. Together with a Continuation from the 

Accession of Francis I. to the Revolution of 1848. 4 vols. Small post 

8vo. 3*. 6d. each. 
DENTON (W.). England in the Fifteenth Century. By the late 

rev. w. denton, M.A., Worcester College, Oxford. Demy 8vo, I2J. 
DYER (Dr. T. H.). History of Modern Europe, from the Taking of 

Constantinople to the Establishment of the German Empire, A.D. 1453- 

1871. By dr. T. H. dyer. A new edition. In 5 vols. £2 \2$. 6d. 
GIBBON'S Decline and Fall of the Roman Empire. Complete and 

Unabridged, with Variorum Notes. Edited by an English Churchman. 

With 2 Maps. 7 vols. Small post 8vo, 3*. 6d. each. 
GREGOROVIUS' History of the City of Rome in the Middle Ages. 

Translated by annie Hamilton. Vols. I., II., and III. Crown 8vo, 

6s, each net. 
GUIZOT'S History of the English Revolution of 1640. Translated by 

William hazlitt. Small post 8vo, 35. 6d. 

— History of Civilization, from the Fall of the Roman Empire to the 

French Revolution. Translated by william hazlitt. 3 vols. Small 
post 8vo, 3*. 6d. each. 
HENDERSON (E. F.). Select Historical Documents of the Middle 
Ages. Including the most famous Charters relating to England, the 
Empire, the Church, etc., from the sixth to the fourteenth centuries. 
Translated and edited, with Introductions, by ernest f. Henderson, 
A.B., a.m., ph.d. Small post 8vo, $s. 

— A History of Germany in the Middle Ages. Post 8vo, *js. 6d. net. 
HOOPER (George). The Campaign of Sedan : The Downfall of the 

Second Empire, August-September, 1870. By george hooper. With 
General Map and Six Plans of Battle. Demv 8vo, 14s. 

— Waterloo : The Downfall of the First Napoleon : a History of the 

Campaign of 1815. With Maps and Plans. Small post 8vo, 3*. 6d. 
LAM AkTINE'S History of the Girondists. Translated by H. T. rydr. 
3 vols. Small post 8vo, 3*. 6d. each. 

— History of the Restoration of Monarchy in France (a Sequel to his 

History of the Girondists). 4 vols. Small post 8vo, 3*. 6d. each. 

— History of the French Revolution of 1848. Small post 8vo, 3*. 6d. 
JLAPPENBERG'S History of England under the Anglo-Saxon 

Kings. Translated by the late B. thorpe, # f.s.a. New edition, revised 

by e. c. ottk. 2 vols. Small post 8vo, $s. 6d. each. 
LONG (G.). The Decline of the Roman Republic : From the 

Destruction of Carthage to the Death of Caesar. By the late georgs 

long, m.a. Demy 8vo. In 5 vols. $s. each. 
MACHIAVELLPS History of Florence, and of the Affairs of Italy 

from the Earliest Times to the Death of Lorenzo the Magnificent : together 

with the Prince, Savonarola, various Historical Tracts, and a Memoir of 

Machiavelli. Small post 8vo, 3?. 6d. 
HARTINEAU (H.). History of England from 1800-15. By Harriet 

martin eau. Small post 8vo, y. 6d. 
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MARTINEAU (H.). History of the Thirty Years 1 Peace, 1815-46. 

4 vols. Small post 8vo, 3*. 6d. each. 
MAURICE (C. E.). The Revolutionary Movement of 1848-9 i» 

Italy, Austria, Hungary, and Germany. With some Examination 

of the previous Thirty-three Years. By c. edmund Maurice. With an* 

engraved Frontispiece arid other Illustrations. Demy 8vo, 16s. 
MENZEL'S History of Germany, from the Earliest Period to 1842. 

3 vols. Small post 8vo, $s. 6d. each. 
MICHELET'S History of the French Revolution from its earliest 

indications to the flight of the King in 179 1. Small post 8vo, y. 6d. 
MIGNET'S History of the French Revolution, from 1789 to 1814. 

Small post 8vo, 3*. 6d. 
PARNELL (A.). The War of the Succession in Spain during the 

Reign of Queen Anne, 1702-1711. Based on Original Manuscripts 

and Contemporary Records. By col. the hon. Arthur parnell, 

r.e. Demy 8vo, 14J. With Map, etc. 
RANKE (L.). History of the Latin and Teutonic Nations, 1494- 

15 14. Translated by P. A. ashworth. Small post 8vo, 3*. 6d. 

— History of the Popes, their Church and State, and especially of their 

conflicts with Protestantism in the 16th and 17th centuries. Translated 
by E. foster. 3 vols. Small post 8vo, 3/. 6d. each. 

— History of Servia and the Servian Revolution. Translated by MRS. 

KERR. Small post 8vo, y. 6d. 
SIX OLD ENGLISH CHRONICLES: viz., Asser's Life of Alfred 

and the Chronicles of Ethel werd, Gildas, Nennius, Geoffrey of Monmouth, 

and Richard of Cirencester. Edited, with Notes and Index, by J. a. 

giles, d.c.l. Small post 8vo, 5-r. 
STRICKLAND (Agnes). The Lives of the Queens of England;. 

from the Norman Conquest to the Reign of Queen Anne. By agnks 

Strickland. 6 vols. $s. each. 

— The Live 8 of the Queens of England. Abridged edition for the 

use of Schools and Families, Post 8vo, dr. 6d. 

THIERRY'S History of the Conquest of England by the Normans; 
its Causes, and its Consequences in England, Scotland, Ireland, and the 
Continent. Translated from the 7th Paris edition by willi am hazlitt. 
2 vols. Small post 8vo, $s. 6d. each. 

WRIGHT (H. F.). The Intermediate History of England, with Notes, 
Supplements, Glossary, and a Mnemonic System. For Army and Civil' 
Service Candidates. By h. f. weight, m.a., ll.m. Crown 8vo, 6>. 

For other Works of value to Students of History, see Catalogue of 
Bohn's Libraries, sent post-free on application. 

DIVINITY, ETC. 

ALFORD (DEAN). Greek Testament. With a Critically revised Text, . 
a digest of Various Readings, Marginal References to verbal and idio- 
matic usage, Prolegomena, and a Critical and Exegetical Commentary. 
For the use of theological students and ministers. By the late henry " 
alford, D.D., Dean of Canterbury. 4 vols. 8vo. £$ 2s. Sold separately. 

— The New Testament for English Readers. Containing the Authorized 

Version, with additional Corrections of Readings and Renderings, Marginal 1 
References, and a Critical and Explanatory Commentary. In 2 vols. 
£2 14/. 6<& Also sold in 4 parts separately. 
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AUGUSTINE de Civitate Dei. Books XL and XII. By the rev. 
henry D. gee, B.D., F.S.A. I. Text only. 2j. II. Introduction and 
Translation. 3*. 

BARRETT (A. C). Companion to the Greek Testament. By the late 
A. a Barrett, M. A., Caius College, Cambridge, yh edition. Fcap.8vo,5j. 

BARRY (BP.). Notes on the Catechism. For the use of Schools. By 
the rt. rev. bishop barry, D.D. 10M edition. Fcap. 2s. 

BLEEK. Introduction to the Old Testament. By friedrich bleek. 
Edited by johann bleek and adolf kamphausen. Translated from' 
the second edition of the German by G. H. venables under the super- 
vision of the rev. e. venables, Residentiary Canon, of Lincoln. 2nd 
edition, with Corrections. With Index. 2 vols, small post 8vo, $s. each. 

BUTLER (BP.). Analogy of Religion. With Analytical Introduction 
and copious Index, by the late rt. rev. dr. steers. Fcap. 3J. 6d. 

EUSEBIUS. Ecclesiastical History of Eusebius Pamphilus, Bishop 
of Caesarea. Translated from the Greek by rev. c. f. cruse, m.a< 
With Notes, a Life of Eusebius, and Chronological Table. Sm. post 8vo, 5^ 

GREGORY (DR.). Letters on the Evidences, Doctrines, and Duties* 
of the Christian Religion. By dr. olinthus Gregory, f.r.a.s. 
Small post 8vo, $s. 6d. 

HUMPHRY (W. G.). Book of Common Prayer. An Historical and 
Explanatory Treatise on the. By w. G. HUMPHRY, B.D., late Fellow of 
Trinity College, Cambridge, Prebendary of St. Paul's, and Vicar of St* 
Martin's-in-the-Fields, Westminster. 6th edition. Fcap. 8vo, zr. 6d. 
Cheap Edition, for Sunday School Teachers, is. 

JOSEPHUS (FLAVIUS). The Works of. whiston's Translation. 
Revised by rev. a. r. shilleto, m.a. With Topographical and Geo- 
graphical Notes by colonel sir c. w. wilson, k.cb. 5 vols. $s. 6d. each. 

LUMBY (DR.). The History of the Creeds. I. Ante-Nicene. II. 
Nicene and Constantinopolitan. III. The Apostolic Creed. IV. The 
Quicunque, commonly called the Creed of St. Athanasius. By J. rawson 
LUMBY, D.D., Norrisian Professor of Divinity, Fellow of St. Catherine's 
College, and late Fellow of Magdalene College, Cambridge, ydcditiun, 
revised. Crown 8vo, Js. 6d. 

— Compendium of English Church History, from 1688-1830. With a 

Preface by j. rawson lumby, d.d. Crown 8vo, 6s. 

MACMICHAEL (J. F.). The New Testament in Greek. With 
English Notes and Preface, Synopsis, and Chronological Tables. By the 
late rev. J. F. macmichael. Fcap. 8vo (730 pp.), 4s. 6d. 

Also the Four Gospels, and the Acts of the Apostles, separately. 
In paper wrappers, 6d. each. 

MILLER (E.). Guide to the Textual Criticism of the New Testa- 
ment. By rev. E miller, M.A., Oxon, Rector of Bucknell, Bicester. 
Crown 8vo, 4s. 

NEANDER (DR. A.). History of the Christian Religion and 
Church. Translated by J. torrey. 10 vols, small post 8vo, $s. 6d. each* 

— Life of Jesus Christ. Translated by J. mcclintock and c. blumenthal. 

Small post 8vo, 3s. 6d. 

— History of the Planting and Training of the Christian Church by 

the Apostles. Translated by J. E. ryland. 2 vols. 3*. 6d. each. 

— Lectures on the History of Christian Dogmas. Edited by dr. 

jacobi. Translated by J. s. ryland. 2 vols, small post 8vo, y. 6d. each. 
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NEANDER (DR. A.). Memorials of Christian Life in the Early and 

Middle Ages. Translated by j. e. ryland. Small post 8vo, y. 6d. 
PEARSON (BP.). On the Creed. Carefully printed from an Early 

Edition. Edited by E. walford, m.a. Post 8vo, $s. 
PEROWNE (BP.). The Book of Psalms. A New Translation, with 

Introductions and Notes, Critical and Explanatory. By the right rev. 

J. J. Stewart perowne, D.D., Bishop of Worcester. 8vo. Vol. I. 

%th edition, revised, i&r. Vol. II. 7th edition, revised. 16s. 

— The Book of Psalms. Abridged Edition for Schools. Crown 8vo. 

Jth edition, ioj. 6d. 

SADLER (M. F.). The Church Teacher's Manual of Christian Instruc- 
tion. Being the Church Catechism, Expanded and Explained in Question 
and Answer. For the use of the Clergyman, Parent, and Teacher. By the 
rev. M. F. SADLER, Prebendary of Wells, and Rector of Honiton. 43rd 
thousand. 2s. 6d. 
# * # A Complete List of Prebendary Sadler's Works will be sent on 

application. 

rSCRIVENER (DR.). A Plain Introduction to the Criticism of the New 
Testament. With Forty-four Facsimiles from Ancient Manuscripts. For 
the use of Biblical Students. By the late F. H. scrivener, m.a., d.c.l., 
LL.D., Prebendary of Exeter. 4M edition, thoroughly revised, by the rev. 
e. miller, formerly Fellow and Tutor of New College, Oxford. 2 vols. 
demy8vo, 32s. 

— Novum Testamentum Grace, Textus Stephanici, 1550. Accedunt 

variae lectiones editionum Bezae, Elzeviri, Lachmanni, Tischendorfii, 
Tregellesii, curante f. H. A. scrivener, A.M., d.c.l., ll.d. Revised 
edition. 4s. 6d. 

— Novum Testamentum Grace [Editio Major] textus Stephanici, 

A.D. 1556. Cum variis lectionibus editionum Bezae, Elzeviri, Lachmanni, 
Tischendorfii, Tregellesii, Westcott-Hortii, versionis Anglicanae emendato- 
rum curante F. H. A. scrivener, a.m., d.cl, ll.d., accedunt parallela 
s. scripturae loca. Small post 8vo. 2nd edition. Js. 6d. 

An Edition on writing-paper, with margin for notes. 4to, half bound, 12s. 

WHEATLEY. A Rational Illustration of the Book of Common 
Prayer. Being the Substance of everything Liturgical in Bishop Sparrow, 
Mr. L'Estrange, Dr. Comber, Dr. Nicholls, and all former Ritualist 
Commentators upon the same subject Small post 8vo, ys. 6a*. 

•WHITAKER (C). Rufinus and His Times. With the Text of his 
Commentary on the Apostles' Creed and a Translation. To which 
is added a Condensed History of the Creeds and Councils. By the REV. 
Charles whitaker, B.A., Vicar of Natland, Kendal. Demy 8vo, $s. 

Or in separate Parts. — I. Latin Text, with Various Readings, 2s. 6d. 
2. Summary of the History of the Creeds, is. 6d. 3. Charts of the 
Heresies of the Times preceding Rufinus, and the First Four General 
Councils, 6d. each. 

— St. Augustine : De Fide et Symbolo— Sermo ad Catechumenos. St Leo 

ad Flavianum Epistola — Latin Text, with Literal Translation, Notes, and 
History of Creedsand Councils. 5 j. Also separately, Literal Translation. 2s. 
.— Student's Help to the Prayer-Book. $s. 
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SUMMARY OF SERIES. 

blbliotheca classica. 

Public School Series. 

Cambridge Greek and Latin Texts. 

Cambridge Texts with Notes. 

Grammar School Classics. 

Primary Classics. 

Bell's Classical Translations. 

Cambridge Mathematical Series. 

Cambridge School and College Text Books. 

Foreign Classics. 

Modern French Authors. 

Modern German Authors. 

Gombert's French Drama. 

Bell's Modern Translations. 

Bell's English Classics. 

Handbooks of English Literature. 

Technological Handbooks. 

Bell's Agricultural Series. 

Bell's Reading Books and Geographical Readers, 

BlBLIOTHECA CLASSICA. 

AESCHYLUS. By dr. palsy. Bs. 

CICERO. By g. long. Vols. I. and II. &r. each. 

DEMOSTHENES. By r. whiston. a Vols. 8*. each. 

EURIPIDES. By dr. palsy. Vols. II. and III. &s. each. 

HERODOTUS. By dr. blakbslby. a Vols. ias. 

HESIOD. By dr. palsy. 5*. 

HOMER. By dr. palsy, a Vols. 14*. 

HORACE. By a. j. maclkank. 8j. 

PLATO. Phaedrus. By dr. Thompson. ' 5X. 

SOPHOCLES. Vol. I. By f. h. blaydbs. 5s. 

— Vol. II. By dr. palsy. 6*. 

VIRGIL. By conington and nettlkship. 3 Vols. xor. 6d. each. 

PUBLIC SCHOOL SERIES. 

ARISTOPHANES. Peace. By dr. palsy, as. 6d. 

— Acharnians. By dr. palsy, as. 6d. 

— Frogs. By dr. palsy, a*. 6d. 

CICERO. Letters to Atticus. Book I. By a. prbtor. 4s. 6d. 
DEMOSTHENES. De Falsa Legatione. By r. shillsto. 6s. 

— Adv. Leptinem. By b. w. bbatson. 3*. 6d. 

LIVY. Books XXI. and XXII. By l. d. dowdall. 2*. each. 
PLATO. Apology of Socrates and Crito. By dr. w. wagner. 3*. td. and 
as. 6d. 

— Phaedo. By dr. w. wagner. 5*. 6d. 

— Protagoras. By w. waytb. 4*. 6d. 

— Gorgias. By dr. Thompson. 6s. 

— Euthyphro. By g. h. wblls. 3*. 

— Euthydemus. By g. h. wblls. 4s. 

— Republic. By g. h. wells. 5*. 
PLAUTUS. Aulularia. By dr. w. wagner. 4;. 6j£ 

— Trinummus. By dr. w. wagnkr. 4*. 6d. 
•— Menaechmei. By dr. w.'wagnbr. 4*. 6d. 

— Most ell aria. By b. a. sonnenschein. 51. 
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PUBLIC SCHOOL SERIES— continued. 

SOPHOCLES. Trachiniae. By a. prbtor. 4*. td. 

— Oedipus Tyrannus. By b. h. Kennedy, ax. td, 
TERENCE. By dr. w. wagner. js. td. 
THEOCRITUS. By dr. paley. 4s. td. 
THUCYDIDES. Book VI. By t. w. dougam. at. 

.CAMBRIDGE GREEK AND LATIN TEXTS. 

AESCHYLUS. By dr. palsy, ax. 
CAESAR. By g. long. xx. td. 

CICERO. De Senectute, de Amicltia, et Epistolae Selectae. By g. long. 
xx. td. 

— Orationes in Verrem. By g. long. 2x. td. 
EURIPIDES. By dr. paley. 3 Vols. a*, each. 
HERODOTUS. By dr. blakeslby. 2 Vols. ax. td. each. 
HOMER'S Iliad. By dr. palby. is. td. 

HORACE. By a. j. macleanb. is. td. 

1UVENAL AND PEKSIUS. By a. j. macleanb. xx. td. 
tUCRETIUS. By h. a. j. munro. us. 
SOPHOCLES. By dr. paley. as. td. 
TERENCE. By dr. w. wagner. as. 
THUCYDIDES. By dr. Donaldson. 2 Vols. ax. each. 
VIRGIL. By prop, conington. ax. 
XENOPHON. By j. f. macmichabl. xs.td. 
NOVUM TESTAMENTUM GRAECE. By dr. scrivener. 4s. td. 

CAMBRIDGE TEXTS WITH NOTES. 

AESCHYLUS. By dr. palby. 6 Vols. is. td. each. 

EURIPIDES. By dr. paley. 13 Vols. (Ion, ax.) xx. td. each. 

HOMER'S Iliad. By dr. paley. xx. 

SOPHOCLES. By dr. paley. 5 Vols. xx. td. each. 

XENOPHON. Hellenica. By rev. l. d. dowdall. Books Land II. ax. each. 

— Anabasis. By j. f. macmichabl. 6 Vols. xx. td. each. 

CICERO. De Senectute, de Amicitia, et Epistolae Selectae. By g. long. 

fVols. xx. td. each. 
D. Selections. By a. t. macleanb. xx. td. 

— Fasti. By dr. paley. 3 Vols. ax. each. 
TERENCE. By dr. w. wagner. 4 Vols. xx. td. each. 
VIRGIL. By prop, conington. xa Vols. xx. td. each. 

-GRAMMAR SCHOOL CLASSICS. 

CAESAR, De Bello Gallico. By g. long. 4X., or in 3 parts, xx. td. each. 
CATULLUS, TIBULLUS, and PROPERTIUS. By A. h.wratislaw, 

and f. n. sutton. ax. td. 
CORNELIUS NEPOS. By j. f. macmichabl. ax. 

CICERO. De Senectute, De Amicitia, and Select Epistles. By o. long. 3*. 
HOMER. Iliad. By dr. palby. Books I.-XII. 4* td. % or in a Parts, ax. td. 

each. 
HORACE. By a. j. macleanb. 3X. td.. or in 2 Parts, ax. each. 
JUVENAL. By Herman prior, y. td. 
MARTIAL. By dr. paley and w. h. stone. 4X. td. 
OVID. Fasti. By dr. palby. 3X. td., o>* in 3 Parts, xx. td. each. 
8ALLUST. Catihna and Jugurtha. By g. long and j. g. frazer. 3X. td. t 

or in 2 Parts, ax. each. 
TACITUS. Germania and Agricola. By p. frost, as. td. 
VIRGIL, conington's edition abridged. 2 Vols. 4s. td. each, or in 9 Parts, 

xx. td. each. 

— Bucolics and Georgics. conington's edition abridged. 3X. 
XENOPHON. By j. f. macmichabl. 3X. td., or in 4 Parts, xx. td. each. 

— Cyropaedia. By g. m. gorham. 3X. td. t or in 2 Parts, xx. td. each. 

— Memorabilia. By percival frost. 3X. 

PRIMARY CLASSICS. 

EASY SELECTIONS PROM CAESAR. By a. m. m. stedman. ix. 
EASY SELECTIONS FROM LIVY. By a. m. m. stedman. xs.td. 
EASY SELECTIONS FROM HERODOTUS. By a. g. liddbll. is. 64. 



Educational Catalogue. 47 

BELL'S CLASSICAL TRANSLATIONS. 

AESCHYLUS. By Walter headlam. 6 Vols. \In the press. 

ARISTOPHANES. Acharnians. By w. h. covington. is. 
CAESAR'S Gallic War. By w. a. mcdbvittb. a Vols. 1*. each. 
CICERO. Friendship and Old Age. By g. h. wells is. 
DEMOSTHENES. On the Crown. By c rann Kennedy, is. 
EURIPIDES. 14 Vols. By b. p. colbridge. 1* . each. 
LI VY. Books 1.-1 V. By J. h. freese. is. each. 

— Book V. By e, s. weymouth. is. 

— Book IX. By f. storr. is. 

LUCAN : The Pharsalia. Book I. By p. con way. is. 
OVID. Fasti. 3 Vols. By h. t. riley. is. each. 

— Tristia. By h. t. rilby. i*. 

SOPHOCLES. 7 Vols. By b. p. colbridge. is. each. 
VIRGIL. 6 Vols. By a. Hamilton bryce. x* . each. 
XENOPHON. Anabasis. 3 Vols. By j. s. watson. x*. each, 

— Hellenics. Books I. and II. By h. dalb. is. 

CAMBRIDGE MATHEMATICAL SERIES. 

ARITHMETIC. By c. pendlebury. 4s. 6d., or in a Parts, ax. 6d. each. 

Key to Part II. ns. 6d. net. 
EXAMPLES IN ARITHMETIC. By c fkndlbbury. 3*.. or in a Parts, 

is. 6eL and us. 
ARITHMETIC FOR INDIAN SCHOOLS. By pendlebury and tait. y. 
ELEMENTARY ALGEBRA. By J. t. hathornthwaitb, is. 
CHOICE AND CHANCE. By w. a. whit worth. 6s. 
EUCLID. By h.deighton. 4*. 6d. % or Books I. -IV., v. : Books V.-XL, as. 6d. ; 

or Book I., 1*. ; Books 1. and II., is. 6d. ; Books f.-III., a*. 6d. ; Books HI. 

and IV., is. 6d. Key. 5*. net. 
EXERCISES ON EUCLID, &c. By j. mcdowbll. 6s. 
ELEMENTARY MENSURATION. By b. t. moorb, 
ELEMENTARY TRIGONOMETRY. By c. pendlebury. 4* . 64. 
ELEMENTARY TRIGONOMETRY. By dyer and whitcombb. as. 6d. 
PLANE TRIGONOMETRY. By t. g. vyvyan. 3*. 6d. 
ANALYTICAL GEOMETRY FOR BEGINNERS Part I. By t. g. 

vyvyan. 3*. 6d. 
ELEMENTARY GEOMETRY OF CONICS. By dr. taylor. 4s. 6d. 
GEOMETRICAL CONIC SECTIONS. By dr. w. h. besant. as. bd 

Key, 5J. net. 
GEOMETRICAL CONIC SECTIONS. By h. g. willis. 5*. 
SOLID GEOMETRY. Byw. s. aldis. 6s. 
GEOMETRICAL OPTICS. By w. s. aldis. 4*. 
ROULETTES AND GLISSETTES. By dr. w. h. besant. <s. 
ELEMENTARY HYDROSTATICS. By dr. w. h. besant. As.6d. 

Solutions. 5*. net 
HYDROMECHANICS. Part I. Hydrostatics. By dr. w. h. bbsant. 5*. 
DYNAMICS. By dr. w. h. besant. ios. 6d. 
RIGID DYNAMICS. Byw. s. aldis. as. 
ELEMENTARY DYNAMICS. By dr. w. garnett. 6s. 
ELEMENTARY TREATISE ON HEAT. By dr. w. garnbtt. 4*. 6d. 
ELEMENTS OF APPLIED MATHEMATICS. By c. m. jessop. 6s 
PROBLEMS IN ELEMENTARY MECHANICS. By w. walton. 6>. 
EXAMPLES IN ELEMENTARY PHYSICS. By w. gallatly. as. 
MATHEMATICAL EXAMPLES. By dyer and pkowdb smith. 6s. 

CAMBRIDGE SCHOOL AND COLLEGE TEXT BOOKS. 

ARITHMETIC. Bye. blsee. $s. 6d. 

By a. wriglby. 3s. 6d. 
EXAMPLES IN ARITHMETIC. By watson and go udib. a*. 6d. 
ALGEBRA By c. blsee. as. 
EXAMPLES IN ALGEBRA. By macmichael and prowde smith. y.6d. 

and 4*. 6d. 
PLANE ASTRONOMY. By p. t. main. 4*. 
STATICS. By bishop goodwin. 3s. 
NEWTON'S Principia. By bvams and main, as. 
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CAMBRIDGE SCHOOL TEXTS— continued. 

ANALYTICAL GEOMETRY. By t. g. vyvyan. as. bd. 

COMPANION TO THE GREEK TESTAMENT. By a. c. Barrett. 5* 

TREATISE ON THE BOOK OP COMMON PRAYER. By w. c 

HUMPHRY. OS. bd. 

TEXT BOOK OP MUSIC. By h. c banister. 51. 

CONCISE HISTORY OP MUSIC. By dr. h. c. bonavia hunt. y. bd 

FOREIGN CLASSICS. 

FENELON'S Tellmaque. By c. j. dblillb. as. bd. 

LA FONTAINE'S Select Fables. By f. b. a. gasc. is. bd. 

LAMARTINE'S Le Tailleur de Pierre* de Saint-Point. By j. boihlle. 

SAINTINE'S Picciola. By dr. dubbc is. bd 

VOLTAIRE'S Charles XII. By l. direv. is. bd. 

GERMAN BALLADS. By c. l. biblepeld. is. bd. 

GOETHE'S Hermann und Dorothea. By b. bell and b. w5lfel. is. bd. 

SCHILLER'S Wallenatein. By dr. buchheim. 5*., or in a Parts, as. bd. each. 

— Maid of Orleans. By dr. w. wagner. i*. bd. 

— Maria Stuart. By v. kastnbr. is. bd. 

MODERN FRENCH AUTHORS. 

BALZAC'S Ursule MirouSt. By j. boiellb. 3*. 

CLARETIE'S Pierrille. By j. boIblle. as. bd. 
DAUDET'S La Belle Nivernaise. By j. boiellb. as. 
GREVILLE'S Le Moulin Prappier. By j. boiellb. 3*. 
HUGO'S Bug Jargal. Byj. boIellb. 3*. 

MODERN GERMAN AUTHORS. 

HEY'S Fabeln fur Kinder. By prop, langb. i*. bd. 

with Phonetic Transcription of Text, &c is. 

FREYTAG'S Soil und Haben. By w. h. crump, ax. bd, 

BENEDIX'S Doktor Wespe. By prop, langb. 2s. bd. 

HOFFMANN'S Meister Martin. By prop, langb. is. bd. 

HEY8E'S Hans Lange. By a. a. macdonblu as. 

AUERBACH'S Auf wache, and Roquette'a Der Gefrorene Kuss. By 

A. A. MACDONELL. OS. 

MOSER'S Der Bibliothekar. By prop, langb. as. 
EBERS' Eine Frage. By p. storr. as. 
FREYTAG'S Die Journalisteo. By prop, langb. as. bd. 
GUTZKO W'S Zopf und Schwert. By prop, langb. as. bd. 
GERMAN EPIC TALES. By dr. karl neuhaus. as. bd. 
SCHEPFEL'S Ekkehard. By dr. h. hager. 3*. 

The following Series are given in full in the body of the Catalogue* 

GO M BERT'S French Drama. Seepage 31. * 

BELL'S Modern Translations. Seepage 34. 

BELL'S Engliah Classics. See pp. 24, 25. 

HANDBOOKS OP ENGLISH LITERATURE. See pars'*. 

TECHNOLOGICAL HANDBOOKS. See page 37. 

BELL'S Agricultural Series. See page 36. 

BELL'S Reading Books and Geographical Readers. See pp. *& s& 
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